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ABSTRACT 
There have been many studies to estimate the total economic value (TEV) of protected 
forests, but little attention to the total economic value of plantation forestry programs with 
high non-wood benefits. This thesis examines the economics of the Community Rainforest 
Reforestation Program (CRRP), a program implemented in the Wet Tropics of Queensland 
in 1992. This aspect of the thesis contributes to the environmental economic field by 
estimating the TEV of the reforestation undertaken in this program. The thesis also 
examines the factors that led to the creation of the CRRP, the reasons as to why 
landholders took part in this program, and if 'community' forestry is feasible under the 
property rights regime in place in Queensland. 
Two surveys were undertaken to identify the most important economic benefits and 
economic costs of reforestation under the CRRP. An important survey finding is that local 
government representatives ranked timber production and employment as most important 
goals of the program, while landholders ranked non-wood forest benefits (NWFBs) such as 
greenhouse gas reduction, improving water quality and arresting soil erosion as most 
important. Labour and land (unsuitable for other crops) restraints appear to be the main 
resource factors explaining why more tree plantations were not established. Establishment 
costs are the main financial barrier to planting without financial assistance, but taxation of 
timber income is not perceived as a major barrier for the landholders surveyed. 
Within a cost-benefit framework, the economic model of small-scale forestry developed in 
the thesis extends existing economic models of plantation forestry by integrating the 
NWFBs to derive the TEV and the net present value (NPV) of the CRRP plantings. The 
various methods used in the economic evaluation of the CRRP to derive estimates of the 
direct use values include market prices (timber benefits) and input-output analysis 
(upstream regional benefits). To derive estimates of the indirect use values, the benefit 
transfer technique (to estimate carbon sequestration benefits), the defensive expenditure 
technique (water quality improvement benefits) and the opportunity cost approach 
(conservation benefits) have been selected. These market-based techniques were selected 
for their low cost. The CRRP plantings include 400 widely dispersed small land parcels of 
two or three hectares each, therefore the use of survey-based techniques such as contingent 
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valuation or discrete choice modelling, would have been costly. With no passive use 
values identified in the CRRP, the use of these techniques was not critical to the valuation 
of the CRRP. 
The economic analysis covers the main tree-planting period of the CRRP - the first three 
years from 1992-93 to 1994-95 - when 400 landholders participated in the program and 
reforested l,142ha of mostly degraded land. Application of the economic model, using a 
7% discount rate, reveals that in 2001 dollars, the net present value (NPV) in the CRRP 
amounts to $1.5m and the economic internal rate of return is 7.3% when NWFBs are 
included and 5.2% when they are excluded. The total economic value of the benefits in the 
CRRP amounts to $9.4m. The TEV includes direct use values of $5.6m and indirect use 
values of $3.7m (carbon sequestration benefits are valued at $2.9m, the benefits from 
education and training are valued at $0. lm, the conservation value is valued at $0.5m and 
the combined values of water quality improvement and increased water yield amount to 
only $0.1 m). 
It has not been possible to include all categories of program benefits identified in the 
surveys in the economic analysis. No allowance is made for improved landscape amenity 
and wildlife habitat, or for increase in property values as a result of tree planting. A further 
intangible benefit arises from the fact that the CRRP was to some extent a government 
compensation program and an exercise in social healing, following bitter community 
divisions in north Queensland arising from the unilateral World Heritage nomination of the 
Wet Tropics of Queensland by the Federal government in 1988. 
This study suggests that the NPV derived from this program justifies the government 
subsidisation of tree planting on private land. However, the NWFBs are not as high as 
might be expected from reading of the literature on 'total economic value' of forests. This 
study has implications for other government-funded reforestation programs. Under the 
CRRP, landholders could plant various mixture of native and rainforest tree species on 
their land and the surveys reveal that availability of these tree species was a critical factor 
in the high participation rate. A balance between harvesting and conservation is also 
required to keep the NPV positive. If the CRRP plantings were either wholly harvested or 
wholly 'conserved', the NPV would be negative. 
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Chapter 1 
INTRODUCTION 
There is no environmental issue in Australia, even uranium mining, that has raised more 
debate, controversy, and media attention man the protection of native forests and the 
biodiversity within them. These controversies have by no means dmiinished in intensity 
over time. The polarisation of the debate exists because the livelihood of people is at stake 
- sometimes the livelihood of whole communities relying on timber - while there is strong 
demand by most of the Australian population to preserve native forests and their high 
biodiversity values. However, protection of native forests comes at a cost. This cost is 
highly visible and, when the benefits are often not apparent, there is little comfort to the 
people who have lost their income. Tree plantations are a long-term alternative source of 
timber. They offer benefits in terms of providing employment and long-term substitutes 
for native forests and their biodiversity. However, tree plantations also come at a cost, and 
if the alternative relies mainly on private landholders to establish this supply of timber, 
past experience in Australia and overseas indicates that government assistance is required. 
This thesis is concerned with the valuation of the non-wood forest economic benefits and 
economic costs generated from a community reforestation program using a mixture of 
native tree species. The hypothesis addressed is whether it is rational for governments to 
fund reforestation projects of this type on private properties. To test this, a valuation of 
timber benefits from an economic perspective is undertaken for a case study - the 
Community Rainforest Reforestation Program - and the valuations of both timber and non-
wood forest benefits are integrated within an extended cost-benefit analysis (CBA) 
framework. The thesis also attempts to provide an understanding of why landholders do 
not undertake greater tree planting given the wide range of benefits accruing to them. The 
concept of 'community forestry' in the case study and in Australia is also challenged since 
use of this terminology appears to be misleading. 
Ecosystem services and natural resources are interdependent and both have values in their 
own right because major sectors of the economy rely on their use (Industry Commission, 
1997, p. 1). However, the valuation in dollar terms of the ecosystem services rendered by 
natural environments and other economic benefits poses a most challenging problem at a 
practical level. Although there is now a considerable amount of published work on the 
inventory of natural renewable resources in Australia by the Australian Bureau of Statistics 
(ABS) - for example, water accounts (ABS, 1997a), forest accounts (ABS, 1997b) and fish 
accounts (ABS, 1997c) - the valuation of these resources considers only their marketable 
components. Simultaneously, as these accounts are set up, governments at all levels have 
introduced environmental policies and legislation directed at minimising and internalising 
the environmental costs associated with the process of producing goods. The challenge for 
governments is to implement a system of incentives, taxes, environment management plans 
(EMPs) and codes of practice which enhance existing environmental assets as well as the 
quality of life for the present and future generations without hindering present economic 
growth. In the area of natural resources management, with the exceptions of financial 
incentives and land taxes, these instruments, which are widely used for other commercial 
and industrial sectors, are not being used in Queensland, although some progress in this 
direction is slowly being made. 
1.1 Functions of Reforestation 
Reforestation has received much attention from policy makers, researchers and in the 
media because reforestation has the potential to fulfil both environmental and commercial 
goals. Trees are both environmental assets that provide vital ecosystem services (to be 
protected) and renewable natural resources that may be exploited for timber and fuelwood. 
As environmental assets, trees provide shading, act as water filters, absorb CO2, provide 
habitat, enhance aesthetic and values of the landscape, and influence local climates (e.g. 
reduced wind and increased rainfall). At the same time, as a renewable natural resource, 
trees provide timber for basic building material, wood products, paper, fuel for domestic 
use and fruit (e.g. nuts) as well as chemical compounds for the pharmaceutical industry 
(e.g. taxol from the Pacific yew bark). An analysis of reforestation in a social context 
cannot consider one function only or assume that the functions can be easily substituted for 
each other. No other natural resources have the multiple functions that trees have, so 
estimating the total economic values of tree planting provides a challenge at both the 
theoretical and empirical levels. 
1.2 Economic Benefits and Financial Value of Native Trees and Native Forests 
Various forest systems offer a continuous range of benefits, from native forests, which 
provide diverse habitats comprising many different tree species (which fulfil many 
different functions) to short-term monoculture tree plantations the primary purpose of 
which is timber production. Within these two extremes, there is a full range of 
management strategies that provide a flow of economic benefits and costs. These benefits 
(bom market and non-market) are presently undervalued or not valued at all when 
decisions are made about reforestation. The consequence is that reforestation by private 
individuals and companies in Australia is not undertaken at a scale which is socially 
desirable. The lack of market value attached to native forests and the fauna within them, is 
the major contributing factor for continued native vegetation clearing by landholders. In 
Australia, more than 600,000 ha of native vegetation is cleared each year (DEST, 1996). In 
Queensland, 'the average annual clearing rate for the 1997-99 period was 425 000 ha/year. 
This rate is 25 per cent higher than the 1995-97 rate of 340 000 ha/year and 47 per cent 
higher than the 1991-95 rate of 289 000 ha/year' (DNR, 2000, p. 1). Given that 
Australians ranked deforestation as a major environmental problem (23.6% of respondents 
in a nation-wide survey) and 25.2% in Queensland (ABS, 1996)1, there is a strong 
argument to promote reforestation. To understand why the rate of clearing is higher than 
the rate of reforestation is also important, especially when 71% of Australians in 1994 
ranked protecting the natural environment and economic growth as being of equal 
importance2 (ABS, 1996, p. 103. 
Measures to compel landholders to stop clearing their land are being used in most 
Australian States, though not in rural Queensland3. However, legislation and the property 
rights regime do not encourage enhancement and long-term protection of native forests on 
private holdings nor would this approach provide incentives to extend forest coverage for a 
future timber resource. Creating a market for particular non-wood benefits associated with 
trees may be the incentive required to foster tree planting and managing existing forests. 
i This result is on a par with ocean and freshwater pollution (23.7% and 23.8% respectively) and after 
air pollution (30.9% for Australia, 25.9% in Queensland) (ABS, 1996, p. 103). 
In Queensland, the level was 71.3% in 1994 (ABS, 1996, p. 103). 
The Queensland government has now enacted a tree clearing legislation (The Vegetation Management 
Act, 1999) in force since 17 December 1999 that applies to both leasehold and private land. This 
legislation does not apply to applications for clearing on leased land that were approved prior to that 
date without compensation but does apply for applications which, at that date, had not been processed 
(Welford, 1999). Under the new legislation, an assessment of the land to be cleared will have to be 
undertaken and 30% of the 'of concern' regional ecosystems as it was in 1990 must not be cleared. 
One such example is assessed in the case of CO2 sequestration in this thesis, where a 
market through carbon trading has the potential to provide an incentive for reforestation. 
1.3 Importance of Integrating Non-Wood Forest Benefits in Economic Evaluation 
Estimating non-wood forest benefits (NWFBs) is important at the micro and macro-
economic levels. At the micro-economic level, taking account of NWFBs in project 
evaluation (in a cost-benefit framework) may alter the final decision to invest in a project 
or to expand a project if it has already began. For individual landowners, a whole farm 
approach is required to assess the costs and benefits of planting trees (Anderson et al. 
2001). At the macro-economic level, inclusion of non-market benefits into the National 
Accounts has important implications. For example, the main economics concept that came 
under scrutiny by part of the economic profession and by social scientists in the 1960s and 
1970s was the standard of living as measured by gross national product (GNP) 
(Blanchfield and Oser, 1973). Almost 20 years later, GNP was still criticised as a welfare 
measurement (Krabbe and Heijman, 1992) and today it is still entrenched as a single 
measure of well-being and used constantly for international comparisons and domestic 
purposes. The relationship between economic activity and standard of living may possibly 
hold only in the special case of (1) full-employment and (2) when the outcome of growth is 
well distributed among the members of society. GNP in total and GNP per capita provide 
not only the wrong social information but also the wrong market information. The only 
valid role of GNP is to measure economic activity (Samuelson et al., 1975). Economic 
activity as measured by GNP in most western nations in the 1990's has been growing 
between 2% and 4%. When environmental costs are subtracted from GNP, to obtain a 
Green GNP, studies indicate that GNP is 1% to 2% lower than the published GNP 
(Hamilton, 1997). Environmental costs would include all health costs and deaths related to 
economic growth and consequent environmental degradation, e.g. air4 and water pollution, 
skin cancer caused by ozone depletion, land degradation costs and decrease in farm 
productivity. Reforestation has the potential to decrease many of these costs in the long 
run, thus benefiting future generations as well as improving the health of the present 
generation. 
In the city of Brisbane alone, 46 to 82 persons per year have died from air pollution since 1991 and 
'the economic cost of the current levels of air pollution in the BCC area are in the range $254.8 
million to $462 million' (Simpson and London, 1995, p. E2). 
1.4 Aims of the thesis 
The research program undertaken here takes the Wet Tropics of Queensland as a study 
region, and examines the economic desirability of a government-funded tree planting 
program in this region. As is typical of applied microeconomic research, a cost-benefit 
perspective is taken and the discussion focuses on methods to estimate non-wood forest 
benefits and the implications of the case study for other types of forestry programs. 
The Community Rainforest Reforestation Program (CRRP) is used as the case study 
around which the issues are discussed. This program also provides the opportunity to 
gather qualitative data through surveys that highlight differences between the goals of 
landholders and those of government in reforestation. The surveys also provide the means 
to identify the costs and benefits associated with reforestation that are most important to 
landholders and the government. 
A community resource development program such as the CRRP is associated with a large 
number of cost and benefit categories or items. The most obvious benefit is creation of a 
timber resource. However, from an environmental economics viewpoint, the main 
challenge is in the estimation of non-wood forest benefits such as skills training, regional 
income and employment flow-ons, land and water protection, carbon sequestration and 
wildlife habitat. 
Once categories of costs and benefits are identified, various economic techniques using 
benefit transfer, input-output modelling and the preventive cost method are applied for 
estimation of reforestation benefits. The benefit transfer methodology is applied when 
benefits could not be directly estimated and results from prior suitable studies were 
adapted to derive estimates factored into the cost-benefit analysis (CBA) framework. 
1.5 Objectives of this thesis 
The major objectives of the thesis are: 
1. To identify the categories of benefits and costs of community rainforest 
reforestation most important to landholders and local government authorities arising 
from tree planting in North Queensland, by undertaking attitude surveys. 
2. To examine the appropriate methods of valuation for these benefits and costs and 
the extent to which these valuation methods are applicable and will yield estimates 
within acceptable limits of accuracy. 
3. To estimate the total economic value of non-wood forest benefits taking into 
account particular characteristics of tree planting, use of non-traditional mixture of 
species such as rainforest species, staged harvesting regime, sparse data on timber 
yield and quality, and timber price uncertainty. 
4. To apply an extended cost-benefit analysis framework to determine, within the 
limits for which benefits can be estimated, the economic returns of tree planting 
under the Community Rainforest Reforestation Program (CRRP). A range of 
'discounted economic benefits' and performance criteria will be derived, including 
net present value (NPV) and economic internal rates of return (EIRR). 
5. To draw implications from the analysis for the design of other community-based 
natural resource development programs in Queensland. 
1.6 Outline of the Thesis 
The thesis is divided in five parts. Part I (Chapters 1 to 6) deals with a general 
background of conservation and environmental concerns in Queensland, and the 
Commonwealth environmental legislation and its impacts on forests use and the timber 
industry (Chapter 2). In particular, the listing of 9,000km2 of native rainforests in the Wet 
Tropics of Queensland on the World Heritage Register in 1988 provided the setting for 
reappraising the natural timber resources in Queensland and was the catalyst for 
reforestation in this region (Chapter 3). In Chapter 4, the theory of community 
participation in natural resources management and the theory of property rights are 
reviewed and tested in the context of community forestry. From an economic 
perspective, the theory of property rights provides greater explanatory power in the 
analysis of forestry program outcomes. The term community is often used as a marketing 
tool to sell the idea that plantations are profitable. Community forestry, however, has a 
wider meaning which in the past has been mostly used in the context of developing 
countries. In Australia, community forestry is mostly more easily identified with farm 
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forestry. The emergence of the concept ofcommunity forestry in recent years in Australia 
and its appearance in a program's name makes worthwhile a revisit to the terminology. 
Chapter 5 illustrates by using case studies how the theory of property rights and the 
theory of community participation together can explain why some community forestry 
programs succeed while others fail. Chapter 6 introduces the case study, concerning the 
Community Rainforest Reforestation Program (CRRP). The background to the CRRP 
and its structure, goals and achievements are discussed. These chapters provide the 
background and the necessary concepts that underpin the philosophy for the creation of 
the CRRP in 1992. 
Part II (Chapters 7 and 8) focuses on survey work undertaken by the author to assess 
attitudes of local government (Chapter 7) and landholder (Chapter 8) towards the CRRP 
and reforestation. Comparative results with previous surveys are also examined. The 
survey work is an essential first step in the cost-benefit analysis process, undertaken in 
Part m, to identify cost and benefit categories and rank these in order of importance. The 
survey data relating to landholders attitudes towards reforestation coupled with the cost-
benefit analysis findings can provide insights into how future forestry programs could be 
promoted. 
In Part DI (Chapters 9 to 14), the theoretical evaluation framework and the valuation 
techniques used in the thesis are discussed and the economic valuation of costs and 
benefits identified as most important in Part II is undertaken. In Chapter 9, the concept of 
total economic value (TEV) is explained and the cost-benefit analysis methodology is 
critically reviewed. Differences between financial and economic cost-benefit analysis are 
highlighted. Competing economic models and their shortcomings in dealing with 
environmental issues are reviewed. In particular, there is a view in Ecological Economics 
that environmental issues can only be analysed by adopting institutional and historical 
approaches. This view holds that incommensurabiUty of the non-market and market values 
involved, long timeframes, complexity and lack of knowledge in ecological systems 
interactions as well as the uncertainties relating to future generations' preferences make 
results from standard economic analysis, in particular cost-benefit analysis (CBA) 
meaningless. For society through its government to require landholders to manage natural 
resources sustainably requires an understanding of the political, social and judicial context 
in which management decisions are made. It is further held that CBA providing a single 
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number is irrelevant to most stakeholders and governments, therefore 'researchers who 
seeks to justify their activity by its putative scientific basis alone are not fully facing up to 
the unavoidable political dimensions of the work they do. All policy-relevant social 
science research is necessarily a social act charged with cultural and political weight, and 
will be assessed by stakeholders primarily as such' (O'Connor, 2000, p. 185). The goal of 
estimating non-wood forest benefits with no market prices is primarily to assess how these 
values compare with timber values and to know if the economic benefits of the CRRP, as 
measured in broad terms, justify the investment. 
In Chapter 10, the timber benefits accrued over 50 years (a single rotation for the slowest 
growing rainforest species) are estimated for landholders as a group who have reforested 
under the CRRP. The timber volumes are estimated using mean annual increments 
(MAI) for groups of tree species obtained from a Delphi survey. In Chapter 11, the 
economic flow-on benefits of the CRRP to other industry sectors are estimated using 
inter-industry input-output analysis. In particular, this chapter examines the flow-on 
impact of CRRP plantations on employment and income in the regional economy. In the 
following chapters, the estimation of environmental economic benefits is undertaken over 
the same period. Chapter 12 estimates the carbon sequestration value of the trees planted. 
Chapter 13 estimates the value of water quality improvement due to riparian tree planting 
using results from previous studies. Chapter 14 focuses on the benefits of research, 
training and education associated with the CRRP well as conservation value of trees 
assumed not to be harvested in the program. This chapter also briefly describes other 
environmental and economic benefits that could not be quantified due to lack of data. 
The benefits not quantified include productivity improvement in livestock and 
agricultural crops, changes in property values and increase in tourism. In Chapter 15, the 
economic costs of reforestation in the CRRP are estimated. 
Part IV (Chapter 16) presents the results with all costs and benefits summarised in a 
single framework and discounted to present values. A sensitivity analysis of NPV to key 
parameters of the model is also undertaken. 
An examination of the future of community forestry in North Queensland is undertaken in 
Part V (Chapter 17). This chapter also highlights the areas where further research is 
desirable. 
The five parts form a comprehensive analysis of the economics of community rainforest 
reforestation in North Queensland. Until now, economics studies were generally directed 
into the economic benefits of native forests (e.g. national parks) and not focused on the 
future benefits of tree plantings by landholders. This thesis therefore advances the state of 
empirical knowledge of the potential economic benefits of private tree planting, by 
providing a valuation of net present economic benefits of a specific and high-profile 
reforestation program. 
1.7 References, Chapter 1 
Anderson, S., Lowe, K., Preece, K. and Crouch, A. (2001), Incorporating Biodiversity into Environmental 
Management Systems for Victorian Agriculture, Department of Natural Resources and Environment, East 
Melbourne. 
ANOP (Australian National Opinion Polls Research Services Pty. Ltd) (1993), Community Attitudes to 
Environmental Issues, prepared for the Department of Environment, Sport and territories, Canberra. 
ABS (Australian Bureau of Statistics) (1997), Year Book Australia, 1997, No. 79, Cat. 13010, AGPS, 
Canberra. 
ABS (Australian Bureau of Statistics) (1997a), Water Account for Australia, Consultation version, 
Environment and Energy Statistics, April, AGPS, Canberra. 
ABS (Australian Bureau of Statistics) (1997b), Forest Account, Consultation version, Environment and 
Energy Statistics, April, AGPS, Canberra. 
ABS (Australian Bureau of Statistics) (1997c), Fish Account for Australia, A Scoping Paper, Environment 
and Energy Statistics, April, AGPS, Canberra. 
ABS (Australian Bureau of Statistics) (1996), Australians and the Environment, cat 4601.0, AGPS, 
Canberra. 
ABS (Australian Bureau of Statistics) (1995), Environmental Issues - People's Views and Practices June 
1994, cat. 4602.0, AGPS, Canberra. 
Blanchfield W.C. and Oser, J. (1973), Economics: Reality through Theory, Harcourt Brace Jovanovitch, Inc., 
New York. 
DEST (Department of Environment Sport and Territories) (1996), State of the Environment Australia, 
prepared by State of the Environment Advisory Council, CSIRO Publishing, Collingwood, Victoria. 
DNR (Department of Natural Resources) (2000), Land Cover Change in Queensland 1997-1999, DNR, 
Brisbane, http://www.nrm.qld.gov.aii/slats/final9799.htrnl. 
Evans, J. (1992), Plantation Forestry in the Tropics, 2nd ed. Clarendon Press, Oxford. 
Hamilton, C. (1997), The Genuine Progress Indicator for Australia: A new index of change in well-being in 
Australia, Discussion paper No. 14, The Australia Institute, Canberra. 
IC (Industry Commission) (1997), Role of Economic Instruments in Managing the Environment, Staff 
Research Paper, Melbourne. 
10 
Jackson, J. and McConnell, C.R. (1984), Economics, Australian edition, McGraw Hill, Sydney. 
Kanowski, P.J. (1997), Afforestation and plantation forestry, Working Paper 1997/6, Special paper for XI 
World Forestry Congress 13-22 October 1997, also presented in the Resource Management in Asia-Pacific 
Seminar Series, 11 September 1997, Department of Forestry, Australian National University, Canberra. 
Krabbe J.J. and Heijman, W.J.M. (1992), National income and Nature: Externalities, growth and steady 
state, Economic and Environment Series, Vol. 5, Kluwer Academic Publishers, London. 
O'Connor, M. (2000), 'Pathways'for environmental evaluation: a walk in the (hanging) Gardens of Babylon', 
Ecological Economics, Vol. 2, No. 34, pp. 175-193. 
Simpson, R. And London, J. (1987), An Economic Evaluation of the Health Impacts of Air pollution in the 
BCC Area, Report to the Brisbane City Council, Faculty of Environmental Sciences, Griffith University, 
Brisbane. 
Samuelson, P., Hancock, K. and Wallace, R. (1975), Economics, 2nd ed., McGraw-Hill, Sydney. 
Welford, R. (1999), Queensland Minister for Environment and Natural Resources, interview on the 
Australian Broadcasting Commission (ABC) on AM radio, 21 Dec. 1999. 
11 
Chapter 2 
DEFORESTATION AND FOREST CONSERVATION MEASURES IN 
QUEENSLAND 
To understand the nature and function of the Community Rainforest Reforestation Program 
(CRRP), it is first necessary to appreciate the long history of the forest policy in 
Queensland and the conservation debate over use of North Queensland tropical forests. 
The creation and design of the CRRP were born out of conservation concerns and 
inappropriate clearing of native forests in north Queensland and the listing of State forest 
reserves into the World Heritage Register. Before discussing the details of this program, it 
is essential to understand the social and political background to its introduction. This 
chapter focuses on deforestation and conservation measures. 
Three main types of interference with native forests in Queensland can be distinguished. 
The first is deforestation, the second conservation1 and the third reforestation which 
includes commercial tree plantations. Deforestation can be natural or induced by humans. 
These interferences are not sequential and all three occur at the same time, but in different 
locations and on different time scales in the case of natural deforestation and natural forest 
expansion. 
Section 2 deals with deforestation with special interest directed towards human 
deforestation and the reasons that led to deforestation. Sections 3 to 6 deal with 
conservation with special interest on the legal means at the disposal of State and 
Commonwealth governments to conserve areas of special significance. The use of 
conservation legislation to compulsory acquire or to change land-use is often a catalyst for 
division in the communities. North Queensland is no exception. 
2.1 Contribution of Natural Events to Deforestation 
Deforestation in Australia began naturally about 40 million years ago when the continent 
separated from Antarctica. Most of the continent was previously covered by rainforests. 
1
 In the context of forest conservation, the interference lies in the act of protecting a forest. The act of 
forest protection interferes with other uses. 
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As the Australian continent moved northward and the climate became drier, changes to 
where plants grew and the types that could continue to grow occurred (Morris et al., 1992). 
During the last 250,000 years, rainforests have regularly contracted and expanded in 
response to climatic changes associated with the ice ages. Rainforests in the wet Tropics 
are presently expanding in area at the expense of open eucalypt forests. This is a direct 
result of the cessation of forest burning by Aborigenes after European settlement. The 
burning favoured fire tolerant eucalypt dominant forests over fire sensitive rainforest 
species (Unwin, Stocker and Sanderson, 1985; Stacker and Unwin, 1986). 
2.2 Contribution of Agricultural and Pastoral Developments to Deforestation in 
Queensland 
Leaving aside the burning practices of Aboriginal people over the past 40,000 years 
documented in Harmond-Price (1993), native forest resources over the past 100 years have 
decreased rapidly because of a 'long history of short-sighted removal' (Specht, 1994, p. 
27) and because of the prevailing low value the community before the 1960's attached to 
rainforest resources (Payne et al. 1931; Carron, 1985). The community attitude simply 
was reflected in the various governments' priorities, which were to develop agriculture, 
pasture and mineral resources. Incentives to clear land from vegetation included granting 
of land ownership and long-term leases as well as income tax concessions for tree clearing. 
Tax concessions for tree clearing were withdrawn only in the 1970's in Queensland. The 
removal of tax incentives, however, has not stopped forest clearing by landholders. There 
is no state legislation in rural Queensland to stop landholders from clearing their properties 
of any type of vegetation and local land clearing regulation exist only in some cities. The 
Land Act 1994 which reformed The Land Act 1962 requires landholders to possess a tree 
clearing permit before clearing. However, these provisions apply only on 'land where the 
State owns the timber' (Queensland Department of Lands, 1995, p. 12). The main reasons 
for tree clearing today are the same as 100 years ago. Agricultural and pastoral 
developments as well as population growth are the main pressures upon native forests, 
riparian zones and indirectly on water quality and fishing (Russell et al. 1993; Russell et 
al. 1996a, 1996b). This is by no means unique to Queensland. Land clearing has occurred 
in other Australian states and is also occurring in other nations such as Brazil, Papua New 
Guinea and Malaysia. However, compared to other Australian states, Queensland has the 
most permissive legislation on clearing, as discussed below. 
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2.2.1 Extent of clearing in Queensland since European settlement 
The history of Queensland forests is not different from the fate of forests around the world. 
The European experience was repeated in Australia. Von Carlwitz had emphasized, as 
early as 1713, that 'if the concept of [forest] sustainability was abandoned, humanity 
would have to face poverty and destitution' (cited in Bos and Hecknuis, 1994, p. 2). Von 
Carlwitz's statement was founded on the fact that in the 17th and 18th centuries, Central 
European forests declined and disappeared because of over-logging. As a reaction to this 
environmental catastrophe, the science of forestry was developed (Bos and Hecknuis, 
1994). By the end of the 19th century, a strong knowledge of forestry existed. In 
Queensland, McDowal in an 1889 Lands Department report wrote: 
It can hardly be questioned that the time is approaching when the wholesale 
destruction of timber in many parts of the Colony - much of it of a wantonly 
wasteful nature - will be severely felt. The subject of forest conservancy will 
assume a prominence not yet accorded to it, and it will be a matter of general 
wonder that our shortsightedness did not allow us to realise that destruction 
without replenishment must lead to scarcity (McDowal, 1889, cited in DPI-FS, 
1994, p. 24). 
Neither the European experience with native forests nor the subsequent growing 
knowledge in the forestry field provided a lesson for Australia (Jacobs, 1957), nor were the 
many warnings of knowledgable foresters such as McDowal listened to. The impacts of 
forest clearing did not take long to effect people. In 1803, Governor King issued a 
proclamation forbidding tree-felling along New South Wales2 rivers and creeks -
Australian first logging ban. The reason was: 
from the improvident method taken by the first settlers on the sides of the 
Hawksberry and creeks in cutting down timber and cultivating banks, many 
acres of ground has been removed, land inundated, stocks of wheat and stock 
washed away by former floods which might have been prevented in some 
measure if the trees and other native plants had been suffered to remain. 
(Bolton, 1981, p. 132). 
Estimates of the extent of clearing in Australia vary widely depending on the definition of 
Queensland was then part of New South Wales. 
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'forest'3. However, it has been suggested that between two thirds (Boutland and Byron, 
1987) and 40% to 50% (NIEIR, 1996) of the original tree cover has been removed since 
European Settlement. 
In Queensland, Applegate and East (1987, p. 5) reported that 'at the turn of the [20th] 
century, the central and southern parts of the Tableland in the Queensland Wet Tropics 
were covered by tropical forests (complex mesophyll vine forest)', but today most of that 
forest has been felled and burnt. They added that indiscriminate clearing by farmers made 
no provision for landscape stability, erosion control, or conservation of areas that were 
better protected with forest cover (to avoid landslides). This land-use practice throughout 
north Queensland, encouraged until the 1970's, has left a legacy of large areas of unusable 
or low productivity farmland (Applegate and East, 1987). The only Queensland study that 
could be found by the author that quantified economic loss in dollar terms related to 
dryland salinity in south and central Queensland. This study carried out by Hughes (1979, 
p.46) estimated 'that 7,300 hectares of cultivated and pastoral lands are affected by water 
table salinity and surface salting and 500,000 hectares of pastoral lands are affected by 
scalding. For Queensland, this amounts to annual losses in land values of $7.7 million and 
losses in productivity of $2 million' (Hughes, 1979, p. 46). Recently, the National Land 
and Water Resources Audit has estimated that 206,534 ha in the Queensland North Coastal 
catchment will be affected by dryland salinity 'given the assumption of no change in land-
use or management' (The National Land and Water Resources Audit, (2001, p. 27) 
The extent of deforestation for each of the 13 bioregions4 of Queensland for the period 
1991 to 1995 is depicted in Figure 2-1. A bioregion is 'an integrated entity derived from 
landscape pattern, geology and landform, and vegetation, so as to provide a robust 
classification for biodiversity planning that incorporates ecological processes at the 
landscape scale' (Sattler, 1999, p. vii). The Wet Tropics bioregion is divided into nine 
Woodgate and Blake (1988) defined forests as 'All woody vegetation with a height "reater than two 
metres and a density (foliage cover) greater than 10%'. This definition was also adopted in Frisina et 
al. (1991) in their remote sensing study in Western Victoria. 
The bioregions are described in Stanton and Morgan (1977). The Stanton and Morgan (1977) 
bioregions are 1) North West Higlands; 2) Gulf Plains; 3) Cape York; 4) Mitchell Grass Downs; 5) 
Channel Country; 6) Mulga Lands; 7) Wet Tropics; 8) Central Queensland Coast; 9) Rinasleigh 
Uplands; 10) Desert Uplands; 11) the Brigalow Belt; 12) Southeast Queensland; and 13) New 
England Tableland. 
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Figure 2-1 
Extent of clearing of natural vegetation in Queensland 
Source: EPA, 1999, Chapter 7, p. 13. 
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'provinces'. A province is identified on 'differences in climate, geology and landform, and 
the biogeographic units developed by Nix and Switzer (1991) to explain the distribution of 
endemic vertebrae fauna' (Goosen et al., 1999, p. 7-1). The average vegetation clearing rate 
in the Wet Tropic bioregion averaged 3,584 ha/year from 1991 to 1995 (Latch et al, 1999, 
p. 7-12). While the clearing rate refers to all types of vegetation being cleared, 92% of that 
vegetation is woody vegetation (Latch et al, 1999). 
2.2.2 Population growth pressures on tropical forests in Queensland 
Population growth and increase in tourism in the past decade due to easier and lower cost 
access from overseas (e.g. Cairns becoming an international airport with direct links to 
Asia) meant that more resorts and infrastructure were built in North Queensland thus 
increasing pressures on mainly coastal native forests, especially forests on private 
properties. The negative environmental impacts of tourism on rainforests are already 
particularly felt in the Daintree and Hinchinbrook areas. Suburban growth has also exerted 
major pressure on peri-urban coastal rainforests. 
2.2.3 Planned deforestation in Queensland 
Deforestation in the Wet Tropics of Queensland still occurs today on private properties. 
The clearing occurs mainly for making land available for growing sugar cane. A by-
product of this clearing is the rainforest timber coming on to the market, which has assisted 
Queensland in meeting some of the hardwood timber shortfall due to the Wet Tropics 
being listed as a World Heritage area in 1988. A 1994 survey by ABARE revealed that 
landholders still planned to clear their land from forests on a large scale, especially in 
Queensland. Figures 2-2 and 2-3 indicate the extent of forests and woodland clearing 
intentions of landholders on private properties surveyed in Queensland. As revealed in the 
figures, areas colored in dark green where intended clearing is 20% of natural vegetation) 
are mostly located in the Desert Upland and Brigalow Belt bioregions, but some coastal 
areas (mainly the central Coast bioregion) was not exempt from the intended clearing. 
Between 1990 and 1995, an average of 300,000 ha/year of native vegetation was cleared in 
Queensland (ABS, 1996). In 1994 (the year in which the ABARE survey was taken) the 
Queensland government reformed the Land Act 1962 and a clearing permit was required 
on leaseholds. In that same year, permits were granted in Queensland to clear a total of 1 
079 297 ha of leasehold land including 684,967 ha of virgin bush and 391,730 ha of 
regrowth and invasive woody weeds. These figures were subject to the caveat that the 
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permits valid for five years allow landholders to clear at any stage during this period, and 
that not all areas permitted to be cleared will be actually cleared (Department of Lands, 
1995). However, the latest rates of clearing statistics available (State of the Environment, 
1999) indicate that between 430,000 ha and 450,000 ha per year of native vegetation was 
actually cleared during the period 1994-1999. 
In December 1999, the Vegetation Management Act 1999 was passed. The purpose of this 
Act is to safeguard rare and endangered flora and fauna on both freehold land and leased 
land. The Act is, however, not enforced as yet (December 2002) because the State 
Government does not have the financial resources to compensate landholders to forego 
potential productive agricultural land for conservation purpose. Queensland sought 
Commonwealth financial assistance to assist with the payment of compensation to 
landholders on the ground that the new legislation would enable Australia to achieve its 
greenhouse gas emissions target of 8% above 1990 level. However, the Commonwealth 
has been unwilling to assist the State financially, arguing that land management is a State 
matter, and that other Australian States did not seek Commonwealth assistance when land 
clearing legislation was enacted in those States. 
2.3 Forests Conservation Instruments in Queensland 
Conservation of forests and other natural areas can be achieved through various means. 
Three main legislative instruments are described here because of their extensive use to 
preserve natural areas and the resources within them. These are the Queensland Nature 
Conservation Act 1992, The Australian Heritage Commission Act 1975 and the World 
Heritage Properties Act 1983. 
National parks are gazetted by the States and are binding on each State government. The 
National Heritage Register binds only the Commonwealth and the World Heritage listing 
of properties binds every level of government. Conservation orders at a local government 
level through by-laws are not considered here. The power that the Commonwealth 
government has over the States to influence their policies through the application of 
conditions for financial assistance has been reviewed in detail in Galligan and Lynch 
(1991) and is outside the scope of this thesis. Sections 2.4 and 2.5 below provide insights 
into what national parks and the National Register aim to achieve. 
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Figure 2-2 
Forests or woodlands clearing planned by Australian farmers within the five years 
starting in 1993-94 
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Figure 2-3 
Average area per farm of planned clearing of native forests or woodlands in Australia 
within the five years starting in 1993-94 
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2.4 Conservation of Areas under the Nature Conservation Act 1992 
In Queensland, under the Nature Conservation Act 1992, an area of State land may be 
declared as one of four classes of conservation reserves: national parks (scientific), 
national parks, conservation parks or resource reserves. The Environmental Protection 
Agency and Queensland Parks and Wildlife Services (EPA-QWPS) is the agency 
responsible for the management of these reserves. The protected area classes and the 
management principles for each class are outlined in Appendix A. It must be noted that 
besides these four classes of tenures, other levels of protection or overlays form distinct 
categories. These categories, however, are not land tenures, but coexist with the existing 
tenures. An example of how a level of protection may overlay an existing tenure relates to 
areas of land that have been declared World Heritage Areas (WHA) under the Australian 
World Heritage Properties Conservation Act 1983 (WHPC Act 1983/ A more detailed 
description of the WHPC Act 1983 is provided in Section 6. 
2.4.1 Aims of Queensland national parks 
Conservation of forests on Crown land in Queensland has been mainly in the form of 
national parks. The first national park was established in 1908 in the Bunya Mountains 
under the State Forests and National Parks Act 1906 (Macdonald, 1996). The park was 
gazetted as national park following its declaration as of 'no commercial value'. This has 
prompted some sections of the community to think that if the commercial potential of 
national parks were known, there would not be any (ACTU, 1996). The following cardinal 
principle of national park management which has carried through to the present Nature 
Conservation (NC) Act 1992 (Qld) is: 
To provide, to the greatest possible extent, for the permanent preservation of the 
area's natural condition and the protection of the area's natural resources and 
values (NCAct 1992, sl7(l)(a)). 
'Natural resources' means, in the context of this Act, the 'natural and physical features of 
the area including wildlife, soil, water, minerals and air' (NC Act, s7). 
The cardinal principle has not until now been expressed in statutory management for any 
national park (Macdonald, 1996). Under s i l l of the NC Act 1992 (Qld), the Minister 
must prepare, as soon as practicable after the dedication of a national park, a management 
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plan for the area. This is a daunting task because there are more than 200 national parks in 
Queensland. 
2.4.2 Land-use in National Parks 
National parks may have multiple uses such as recreation, army training, forestry, grazing, 
mining and other extractive industries (sand and gravel, quarries), recreational fishing (in 
national parks or parts of national parks specified in Schedule 2 of the Nature 
Conservation Regulation 1994), preservation of wilderness and ecological values. While 
National park status should not be underestimated as a means of protection, it does not 
provide the certitude that the land-use will not be changed if, for example, an important 
mineral is discovered in an otherwise pristine environment. 
In recent years, community perceptions have been that national parks should not be used to 
extract timbers or minerals. Extraction of minerals in particular is perceived by the 
community to be inappropriate. For example, the ACTU (1990, p. 12) noted that if the 
'mining and other industries wanting access to these areas, albeit with all the promises of 
best practices and no mistake this time cannot survive without access to such a small 
proportion of the State, then the industry was already doomed and the community would 
be better off investing in sunrise industry'. Private properties have been acquired in 
Queensland by the State to add to the national park estate for conservation purposes. The 
acquisition program targeted of 4% of the State area by the end of 1997 set by previous 
governments had been reached, but has been revived in January 1999 with the present 
Queensland government setting a target of 5% of the State area for national parks. 
Moreover, more emphasis is now directed to a management program for the 210 existing 
national parks representing 6.2m ha. 
2.4 3 Land-use and management of Conservation Parks 
As well as national parks, there are also 151 conservation parks in Queensland representing 
28,267ha that have a lower conservation status than national parks. In conservation parks, 
restricted commercial use is allowed (e.g. horse riding, bee keeping, fishing). Prior to the 
Nature Conservation Act, Qld (1992), many conservation parks were environmental parks 
declared under the Land Act 1962. Conservation Parks can be managed partially or fully 
by trustees (generally local governments and Aboriginal groups, but also other groups or 
persons can be appointed by the Governor in Council), in consultation with the Queensland 
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EPA and in accordance with legislative and other requirements. Trustees may be conferred 
with specified powers under the Nature Conservation Regulation to facilitate their 
management role (EPA, 1997). Many conservation parks can be added to existing national 
parks. 
2.4.4 Other State protected areas 
There are also seven national parks dedicated to scientific research, comprising 52,166 ha 
and 36 resource reserves with an aggregate area of 325,164 ha as at June 1995 (EPA, 
1996). 
2.5 Co-management of National Parks: Can the Private Sector Be Involved? 
Management of national parks could be left to the private sector. Small private tourism 
developments such as Binna Burra Lodge and Oasis Lodge have been allowed, and have 
enhanced the values of the national parks in which they are situated. Present State 
governments especially in Queensland and Victoria are encouraging a private sector 
involvement in the management of national parks. Private sector involvement on private 
land in preserving native fauna has been successful in South Australia and there is no 
reason to believe that private sector involvement in national parks should not be as 
successful. The cost to the taxpayers of managing national parks would also decrease 
substantially (Hundloe, 1999). Vogel (1993) argued that areas with conservation status 
should be privatised. Privatisation of national parks is not contemplated in Australia and 
proposals to do so would be met with strong opposition from both the community and 
conservation groups. However, private development can be compatible with conservation, 
for example the Skyrail development in the Wet Tropics of Queensland World Heritage 
Area (WTQWHA) in Far North Queensland, is now a famous Queensland landmark and a 
major tourists attraction. 
2.6 Conservation of Areas under the Australian Heritage Commission Act 1975 
A second but not as powerful means to preserve natural areas is for the Commonwealth 
government to place a property on the Register of the National Estate. 
Listing a place in the Register of the National Estate is essentially an alerting 
mechanism by which the special heritage values of a place are brought to the 
notice of decision-makers, planners, owners and the general community. (Gavin, 
1990, p. 110). 
24 
The Australian Heritage Commission Act 1975 (amended in 1990) affects only the 
Commonwealth government. 
Thus, listing a place or building in the Register does not provide any legal 
constraints or controls over the actions of State or local government, or of 
private owners. It does not give the Commonwealth government any rights to 
manage, acquire or enter private property. (Gavin, 1990, p. 110). 
All tenures stay as they were prior to the listing. 
2.7 Conservation of Areas under the World Heritage Properties Conservation Act 1983 
Another means of conserving outstanding areas for the benefit of all Australians is 
provided under the World Heritage Properties Conservation Act 1983. Under the 
Australian Commonwealth constitution, the Commonwealth has no authority over the 
environment. Environment comes under State control, although 
Inter-governmental relations in Australian environmental management are 
gradually shifting in favour of an increased federal role [but] it is clear that the 
Australian States and Territories still carry the principal burden of natural 
resources management and this appears likely to continue into the foreseeable 
future. (Davies, 1991, p. 158). 
A number of other Commonwealth powers may be used to promote environmental 
protection in a State. These powers may relate to trade and commerce, taxation, external 
affairs, corporations and people of any race. The Commonwealth may also 'enact 
domestic laws if the subject matter is of international concern or appropriately implements 
the purposes of an international agreement or a convention' (Davies, 1991, p. 110). 
2.7.1 External powers of the Commonwealth Government in the context of conservation 
The provisions of the World Heritage Properties Conservation Act 1983 (WHPCA,) were 
used for the first time to list the Franklin Dam in Tasmania as a World Heritage area with 
the effect that logging ceased completely. Similarly, these provisions were exercised in 
1988 in the Wet Tropics of Queensland to protect the rainforest area from potentially 
harmful impacts, especially from logging allowed by the Department of Primary Industries 
and from clearing by private landholders. In most cases, listing of a property (cultural or 
natural)5 is agreed upon by both the State and the Federal governments. The Wet Tropics 
The criteria for listing and delisting a property are set out in Appendix B of this thesis. 
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area of Queensland was at the time of listing mostly a grouping of national parks and State 
forests, but also contained Crown land and freehold land. The tenures may stay the same 
after the listing overlays existing tenures6 although the Administrative Authority would 
generally impose additional environmental conditions. In this sense, the conservation 
status gained by listing under the WHPCA provides a more powerful tool for conservation 
than national parks, especially if the existing tenure is already a national park. 
2.7.2 Management of World Heritage listed areas 
There is no typical land management regime that can be applied across the State for World 
Heritage listed areas. The management plans for the Wet Tropics of Queensland World 
Heritage areas (WTQWHA) and the Great Barrier Reef Marine Park (GBRMP), also a 
World Heritage area (WHA) are implemented by Boards of Management set up for the 
task. The Wet Tropic Management Authority (WTMA) and the Great Barrier Reef Marine 
Park Authority (GBRMPA) are the managing authorities respectively. However, the 
operational management is delegated to the Environmental Protection Agency (EPA) . 
The EPA is also the lead agency for the Fraser Island WHA. In other World Heritage 
Areas, the Department of Primary Industries (DPI) is the managing agency at an 
operational level. In yet others, private individuals have to manage their listed properties 
in a way that is compatible with the goals of the listing. Assistance may be given to 
individuals to manage their land in a way that is consistent with the listing or their 
properties. Land may be resumed compulsorily by the State with Commonwealth funding 
for better management and control. The latter alternative is generally adopted in Australia 
in the creation of State protected areas. 
2.7.3 Legal implications and operational aspects of the World Heritage Convention and 
the World Heritage Property Conservation Acts 
The legal implications of the Convention for the Protection of the World's Cultural and 
Natural Heritage called hereafter World Heritage Convention (WHC) and the WHPC Act 
A listing of the various protected area classes, with the management principles and the corresponding 
land tenures and overlays, is provided in Appendix A. 
In the past five years, the Queensland agency responsible for the environment had its name changed 
from the Department of Environment and Heritage (December 1989 to February 1996), then to the 
Department of Environment (February 1996 to June 1998), the Department of Environment and 
Heritage (June 1998 to March 1999) and to the Environment Protection Agency (since March 1999). 
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1983 have been described in details by Dunphy (1991). The operational or descriptive and 
institutional aspects have been dealt with by Slatyer (1983), Slatyer 1984), Suter (1991)8 
and Hall (1992). The process of listing and the meaning of listing an area are not well-
understood in Australia. Davis (1984, p. 186) noted that it was 'apparent that many 
politicians and the lay public had a rather confused view of what the World Heritage 
Convention entailed and how the nomination procedure operated. In particular, few people 
appeared to know what Australian institutions were involved in World Heritage activities 
and how such bodies related to UNESCO in Paris'. Probably because of this lack of 
understanding, Suter (1991, p. 4) pointed out that: 'Insofar as calculation is possible, 
Australia has probably had more litigation and political challenges to the Convention than 
all other States party to the Convention combined'. 
2.7.4 Type of tenures and property rights in World Heritage listed areas 
In contrast to national parks and State Forests, the types of tenures that exist within World 
Heritage Areas are diverse, including freehold, mining leases, Aboriginal lands, native 
titles and Crown land (Local, State and Commonwealth Authorities properties). Appendix 
A provides the legal status of various land tenures in protected areas in Queensland and the 
property rights associated with that tenure. For example, national parks are still national 
parks and managed by the EPA in Queensland. Operational management by the EPA can 
be through delegation from organisations such as the WTMA or the GBRMPA. However, 
the EPA is the leading agency for the Great Sandy (Fraser Island) national park where no 
Commonwealth agency has a presence. Figure 2-4 mapped the various tenures that exist in 
the Wet Tropic bioregion and in particular, the tenures in existence within the WTQWHA. 
The main tenures are State forests and national parks, both managed by the Queensland 
Government. Figure 2-4 also reveals large areas of water resources that feed the 
watercourses and rock aquifers. Protection of these areas safeguards the quality of the 
water resource that is consumed outside the protected areas. 
2.7.5 Changes in property rights of landholders affected by conservation orders 
When a conservation order is placed on an area by the EPA - under the Environment 
Protection Act 1994 (EP Act) or the Nature Conservation Act 1992 (NC Act) - the property 


29 
rights of the landholder are significantly affected. An understanding of the change in 
property rights would be required in order to assess the costs of listing a property from an 
owner's point of view, for example on land values and income generation. The property 
rights issues relating to WHPC Act 1983 are outside the scope of this thesis. However, it is 
not surprising that conflicts over compensation arise when a State Government in co-
operation with the Commonwealth government makes a compulsory purchase of freehold 
land. 
Areas other than forest areas may be listed as WH areas. The impact of listing can be felt 
on other sectors of the economy, for example on agriculture. South Australian farmers 
protested against the nomination of Lake Eyre in South Australia and Willandra Lakes 
district on the World Heritage Register (Sanderson, 1993). These protests demonstrated 
that native forests are not the only targets for potential listing. 
2.7.6 Compulsory resumption of land for conservation and compensation to owners 
The impacts of acquisition and compensation under the Australian WHPC Act 1983 are 
generally different from areas conserved as national parks and State forests. The latter are 
essentially Crown lands where leases are granted for logging, grazing or quarrying with no 
Commonwealth government involvement in any resumption process. In the Wet Tropics 
of North Queensland, the policy of the WTMA has been to purchase freehold properties in 
order to have greater control over the management of the listed lands. Compensation by 
the Federal Government to the State but mainly to private landholders has been subject to 
much controversy. In some cases, valuation is based on the production value of land9 plus 
timber value while in other cases it is based on a value that reflects environmental and 
biodiversity values of the property. Generally, the market prices used for compensation do 
not reflect the environmental values that are inherent to the properties being acquired. If a 
premium was added to take account of environmental values, this would provide an 
incentive to preserve native forests10. Land valuers have not been taught environmental 
9
 In north Queensland, this is generally based on adjoining sugar cane or fruit crops land. 
10
 This is similar to an art museum curator purchasing a painting on behalf of society, say, to keep the 
painting in Australia. Currently, there is a review of the local government rate system by the 
Department of Natural Resources and Mines, whereby rates would be set lower for landholders that 
would like to keep their native forests. At present, rates can be as high as five times the rates imposed 
on cleared land, e.g. in the Beaudesert shire, south of Brisbane. 
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evaluation, and do not have any experience in this field. This is exacerbated by the lack of 
a proper valuation process. For instance, the environmental services provided by the 
ecosystems to be protected are not valued. If those were valued, the landowners could 
received annual payments that would encourage them to keep these assets at lesser costs to 
the community (e.g when governments have to purchase and maintain these environmental 
assets). If conservation is the best use of the land, compensation could reflect this higher 
value. The law does not as yet recognise this form of valuation in Queensland although it 
does recognise replacement cost methodology. Once listed, a property has limited 
alternative productive uses for the owner. For example, farming, mining or logging would 
make the landholder liable for heavy fines plus rehabilitation costs and possibly 
imprisonment. However, owners of listed properties can develop eco-tourism centres or 
interpretation centres to attract tourists. 
2.7.7 Impact of World Heritage listing on the timber industry 
The logging of hardwood rainforest tree species in the WTQWHA ceased in 1988 with loss 
of employment and a shortfall in government timber supplies. The cessation of logging 
provoked anger amongst landholders, the timber industry and the State government. 
2.7.8 Areas subjected to the listing of the Wet Tropics in North and Far North 
Queensland 
Most of the rainforest area included in the WTQWTA is located within 10 local 
government authorities (LGAs) forming the North and Far North Queensland Statistical 
Divisions. Table 2-1 reveals that the Douglas Shire has almost 74% of its area protected 
from any environmental or potential environmental harm" which could be caused by 
environmentally relevant activities such as logging, mine extraction, or major 
infrastructure development such as major roads and agriculture. 
11
 'Environmental harm' is defined in the Environmental Protection Act 1994, section 14 as 
(1) 'any adverse effect, or potential adverse effect (whether temporary or permanent and of 
whatever magnitude, duration or frequency) on an environmental value. 
(2) 'Environmental harm' may be caused by an activity 
(a) whether the harm is a direct or indirect result of the activity; or 
(b) whether the harms results from the activity alone or from the combined effects of the activity 
and other activities or factors. 
12
 'Environmentally relevant activity' means an activity prescribed by regulation. 
31 
Table 2-1 
Proportion of LGA area listed in the World Heritage Area and LGA Population 
Name of Local 
Government 
Authority (LGA) 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave 
Cook 
Total 
Area of the Estimated residential 
LGA (km2) 
629 
2,999 
2,473 
1,131 
9,575 
2,889 
1,639 
53,212 
1,818 
116,027 
192,392 
population 
June 94 
9,729 
8,665 
8,692 
5,977 
4,884 
15,365 
18,932 
17,289 
103,410 
7,578 
200,521 
Population 
density 
(persons / km2) 
15.46 
2.88 
3.51 
5.28 
0.51 
5.31 
11.55 
0.32 
56.88 
0.06 
1.04 
Listed 
area (km2) 
83.16 
1,445.83 
1,827.39 
500.49 
906.91 
519.19 
762.08 
734.92 
0.52 
431.08 
7,211.57 
Proportion of 
LGA listed 
(%) 
13.22 
48.21 
73.89 
44.25 
9.47 
17.97 
46.50 
1.38 
0.03 
0.37 
3.75 
Source: Local Government Association of Queensland Inc (1995). 
The nearby LGAs of Cardwell, Johnstone and Eacham have between 44% and 50% of 
their land areas protected. It is therefore not surprising that the catalyst to establish a 
reforestation program to counter these impacts originated in the Douglas shire. Most of 
the hardwood native timber was from timber reserves in these areas, no longer accessible 
after 1988 for harvest. 
2.7.9 Was Commonwealth nomination of the Wet Tropics of Queensland warranted 
environmentally and on economic grounds? 
The legislation embodied into the WHPC Act 1983 (Australia) has as its main concern to 
preserve outstanding areas of natural and cultural values (Refer to Appendix B for the 
criteria that have to be met for a natural area to be listed or unlisted). The Commonwealth 
Government took the decision that the economic development taking place in some areas 
of outstanding biological and aesthetic values could not be allowed, because some States 
(i.e. Queensland and Tasmania) did not perceive that the environment was worth 
preserving when weighted against the direct financial benefits of natural resources 
extraction. Furthermore, these State governments underestimated and ignored public 
opinion. For example, the McNamara socio-economic report commissioned on behalf of 
the Queensland Government to evaluate the merits of the listing of the Wet Tropics region 
did not consider conservation benefits (McNamara, 1988). The report also ignored future 
benefits of the World Heritage listing in promoting North and Far North Queensland13 as a 
North Queensland and Far North Queensland refer to the North and Far North statistical divisions as 
defined by the Australian Bureau of Statistics (ABS). 
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tourism destination worldwide. Environmental economic values were also ignored in the 
estimates of socio-economic impacts of listing the Wet Tropics Of Queensland. These 
environmental economic values could have been estimated from surveys designed to elicit 
willingness-to-pay to preserve those values. The report included only costs to industry and 
a forecast of timber revenue foregone. In fact, since 1988 the economic growth of the 
region in terms of tourism alone has outweighed any economic losses in the timber 
industry that might have occurred in north Queensland. 
2.8 Summary 
Deforestation for the purposes of agriculture, grazing and mining in Queensland is the 
major cause of environmental problems in rural areas. Soil erosion, land degradation, soil 
acidity, salinity, lack of land rehabilitation and water pollution from agrochemicals and 
abandoned mines have left the community with a legacy of costs which will carry on for 
many decades. Ignorance and sometimes greed of a section of landholders and miners 
have been contributing factors. However, the Queensland and Commonwealth 
governments had until the 1970's no policy over vegetation clearing and were encouraging 
the expansion of agriculture and grazing in areas where the productivity of the soil was 
already low and land was unsuitable for cropping in the long term. 
The sustainability of land resources including forests has been put at risk by a combination 
of all these social factors. At another level, the prevailing low value the community before 
the 1960s attached to rainforest resources because of the perceived physical abundance 
(reinforced by the low timber price paid to landholders) meant that the State government 
through its forest agency did not protect its assets in an efficient manner. To 
counterbalance deforestation to some degree, and to their credit, successive Queensland 
governments expanded the system of national parks, which covered approximately 4% of 
the State area as of 1998. However, in spite of this effort, the lack of a sustainable 
management strategy by the Queensland government for public and private forests in north 
Queensland and its failure to recognise environmental values, compelled the 
Commonwealth government to intervene to protect the Wet Tropics of Queensland. This 
intervention eventuated in the nomination of the Wet Tropics of Queensland as a World 
Heritage Area in 1988. Logging and other extractive activities are now excluded from this 
area. In December 1999 the Queensland Government enacted state-wide legislation on 
vegetation management that applies to both leased land and freehold land. This legislation 
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will require that 30% of rural land owned privately or on lease shall not be cleared if it 
considered by the EPA 'of concern'. This new legislation may increase the shortfalls in 
hardwood timber supply already experienced by the timber industry. 
Notwithstanding the overall positive outcome of World Heritage listing of the Wet Tropics 
of Queensland, the question of how best meet the shortfall of hardwood timber in 
Queensland remains. The extraction of timber from land under private tenures is not 
sustainable at the current rate. The long-term solution lies in expanding public and private 
tree plantations. The World Heritage Listing of the Wet Tropics of Queensland has 
activated the process of thinking about long-term supply of timber in this State. The listing 
has provided the catalyst that lead the Local Government Authorities of North Queensland 
to react positively by developing the concept of a community reforestation program. 
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Chapter 3 
PUBLIC AND PRIVATE REFORESTATION IN QUEENSLAND 
The purpose of this chapter is to examine the existing level of private commercial 
reforestation in Queensland. The reasons as to why landholders and farmers do not 
undertake tree planting for timber production are analysed in Part II of this thesis. Section 
1 of this chapter provides a historical perspective of reforestation in Australia and in 
Queensland. This is necessary to understand why forestry has never been regarded as an 
integral part of farm management. Section 2 examines the extent of reforestation and 
plantations that has been undertaken in Queensland. A comparison of the establishment of 
private commercial plantations in Queensland with that in other States is also undertaken. 
Section 3 examines what the current and forecast supply and, current and forecast 
consumption of timber in Queensland. Section 4 provides a summary of the chapter. 
3.1 The Beginning of Reforestation in Australia 
Reforestation expenditures in Australia commenced with the inception of the Repatriation 
Vote of Loan Money in 1919 for the employment of returned soldiers, which continued 
essentially as the same vote until the commencement of a Loan-Reforestation Vote in 1924. 
The work consisted of weed destruction and a mix of trial plot establishment, firebreaks 
and nurseries (Pohlmann, 1930). The planting occurred mainly on Crown land. 
In 1941, the Queensland Forestry Plot Scheme was established, and this was until 1991 the 
only reforestation scheme operating in Queensland (Blake et al., 1990). This scheme 
provided low-priced seedlings of a broad range of commercial species for woodlot and for 
plantation establishment and enrichment purposes. 
Reforestation has been undertaken by private organisations, landholders and farmers but 
mainly by forestry agencies which established large exotic conifer plantations in most 
Australian states on Crown land. Government involvement in tree planting has been 
interpreted by some economists as the manifestation of market failure on the grounds that 
the rate of reforestation by private landholders did not occur to the extent that would be 
desirable from a societal point of view. 
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Communities have a different perspective on plantation expansion. Convincing farmers 
that trees are a sound investment and a suitable enterprise for their farm can prove to be 
difficult. For example, in 1989, the Victorian government established the State Plantations 
Impact Study (SPIS) in response to an upsurge in opposition by local communities to the 
government's expansion of its softwood plantation program. A wide range of community 
concerns was raised and 41 recommendations made to address these concerns (SPIS, 1990; 
Spencer and Jellinek, 1995). This contrasts with other areas where plantation development 
has been embraced as a new economic stimulus to the community. 
The forecast of an impending shortage of hardwood timber (DPI Forest Services, 1994) has 
provided until the 1990's the main reason for enticing landholders to reforest. Overall, the 
tree planting programs undertaken with the purpose of filling the hardwood supply shortage 
since the 1950's by state forestry agencies (SFAs) have failed to meet this goal to some 
extent in all mainland States, and particularly in Queensland. Until the 1970s, Queensland 
landholders were encouraged to clear land because forests were perceived to be limitless in 
terms of timber supply and impediments to agricultural and pastoral development. This 
context created negative attitudes to reforestation that still prevail amongst some 
landholders. With many native forests areas under conservation status and closure to 
logging in many others scheduled under the Regional Forest Agreement (RFA) process, 
SFAs have renewed their marketing efforts to convince landholders of the merit of 
reforestation. The marketing effort since 1992 has emphasised the non-timber benefits of 
reforestation. 
3.2 The Extent of Reforestation and Plantations in Queensland 
Commercial tree plantations cover only 0.4% of total forest area in Queensland (DPI, 1998, 
p.24). Of those commercial tree plantations including government-owned plantations, 
private plantations represent 0.13% of total forest area. Table 3-1 indicates the area of land 
upon which native and plantation forests grow and who determines land-use. All forests 
on private freehold land could be cleared until December 1999 without any permit in rural 
Queensland1. Leaseholders require a clearing permit under the Land Act 1962. The total 
There are some exceptions in South-east Queensland where local government authorities have by-laws 
which require landholders to obtain permission to clear mature trees. 
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area of the State covered by native forests was updated in 1998 by DPI Forestry and is 
reported in Table 3-1 by land tenure. 
Table 3-1 
Total forest area in Queensland by land tenure, 1998 
Type of land tenure 
Private 
Freehold 
Leasehold 
Public 
Crown Reserves 
Forest management 
Forest owned by landholder 
Forest owned by landholder 
Forests managed for: 
Area 
(Mha) 
17.1 
3.3 
7.8 
Proportion of 
total forested 
land area (%) 
35 
7 
16 
recreation and conservation (2.8Mha) 
multiple use management (1.6Mha) 
managed for timber production (2.2 Mha) 
others not managed (1.2Mha) 
Leasehold Forests publicly owned on leasehold land 2.3 5 
and managed for timber production. 
Leasehold Forests publicly owned on leasehold land 18.1 37 
but not managed for timber production 
Total forest area 4$JS 100 
Source: Adapted from EPA (1999, Sect. 3, p. 45). 
Over 40 types of lease exist, of which two broad categories may be identified as relevant to 
forest management and commercial timber production. For one category of leases, the 
forest and timber resource on the land remain public assets, with property rights vested in 
the Crown. For the other broad category of leases, the conditions are less restrictive and 
the rights to the timber are assigned to the lessee. This creates the situation where ' the 
land itself remains the property of the Crown, but the forest that grows upon it may be 
managed or harvested for commercial returns by the lessee' (DPI, 1998, p. 27). The 
timber resource is therefore 'considered part of the private forest estate' (Ibid., 1998, p. 
27). The timber reserves and other Crown land forests not reserved for other uses have 
been managed by DPI-Forestry, and since 1996 the commercial aspects of timber 
production has been managed by the Queensland Department of Natural Resources and 
Mines (NRM). These functions were handed over to the Environmental Protection Agency 
(EPA) in March 2001. Table 3-1 reports only native forests considered by the Department 
of Primary Industries (DPI) as commercial. 
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The area of private native forests which can be harvested is unknown (DPI, 1998), although 
estimates varies between 1.4 Mha (Blake et al, 1990) and 1.5 Mha (ABARE, 1992). 
However, the volume of the timber processed from private native forests is known. The 
proportion of hardwood timber processed is 62% sourced from private native forests (DPI, 
1998, section 3, p. 45). 
Table 3-2 indicates ownership of existing commercial native forests and the extent of 
public plantations in Queensland. The area of plantations owned by private landowners in 
1990 under the category of ' Others' is negligible (124 ha), but private landholders as a 
group held 20.4 Mha of native forests. The largest source of hardwood timber was that 
harvested from native forests on private lands. 
Table 3-2 
Plantation estate areas in Queensland by land tenure, species group and 
Ownership type in 1990 
Land tenure 
Private 
Public 
Total 
Species 
group 
Coniferous 
Coniferous 
Broadleaves 
Ownership category 
Industrial companies 
Investment companies 
Others 
Sub-total (1) 
Sub-total (2) 
Area (ha) 
23,861 
983 
124 
24,986 
171,223 
1,776 
172,999 
197,967 
Proportion of 
total area 
(%) 
12.0 
0.5 
0.1 
12.6 
86.5 
0.9 
87.4 
100.0 
Source: Blake et al. (1990, p. 3). 
Since the Blake et al. (1990) figures were published, the industrial private component of 
the plantation estate has been liquidated in Queensland. This component had decreased to 
18,000 ha by June 1990 and the remainder was being liquidated over the period 1990 to 
1998 by Australian Paper Manufactures (APM). APM was the only industrial company 
with tree plantations operating in Queensland. The APM holding of 12,000 ha was sold to 
the Department of Primary Industry in 1995. The area in the category 'Others' increased 
from 124 ha in 1990 to 1,242 ha in 1995. This increase was due mainly to tree planting in 
the Community Rainforest Reforestation Program. Since 1995, forestry prgraams 
including a joint venture program between landholders and DPI have assisted in reversing 
the decline of private plantations and by 2000, the area planted had increased to more than 
14,000 ha (Wood et al., 2001, p. 5). 
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3.2.1 Comparison of Queensland reforestation with that in other Australian States 
Establishment of private tree plantations in Australia totalled 25% of the 600,000 ha tree 
plantations in 1977. Of this, 90% was of coniferous species of which 70% was radiata 
pine, 20% slash pine and 10% native Eucalypts and poplar. 
The proportion of private ownership at that time varied considerably over Australia, being 
40% in Victoria, 20% in NSW, 17% in Queensland, 10% in South Australia, 7% in 
Western Australia, 6% in Tasmania and none in ACT and Northern Territory (Carron, 
1985). In 1992, the total area of plantation had increased to almost 1 Mha (RAC, 1992), 
and by 1995 the total area of plantation had increased to 1.1 Mha, of which 339,000 ha 
were privately owned (30.67%) (ABARE, 1995, p.l 15). Gough (1993) categorised private 
ownership of tree plantations as follow: 
(i) industrial - subsidiaries of wood processing companies which want to control part of 
the supply of their raw material for security and profitability; 
(ii) investment or management companies - which offer the public an interest in the 
results of plantations by bonds, shares, covenants, areas of planted land, or which 
undertake to establish, maintain and utilise plantations for profit to the investors; 
(iii) institutional - semi-government or statutory authorities or local government 
authorities with plantations on water catchments, church or oganisations, and primary 
and secondary schools with plots used for education and minor income; 
(iv) individual owners - with areas of various sizes and for various purposes. 
This final category can be further subdivided into sawmillers, private landowners, and 
farmers and small investors (Gough et al., 1993). The relative extent of these categories of 
ownership varies between states. In NSW, there is little industrial ownership, but in 
Victoria this category of ownership represents about three-quarters of the total tree 
plantation area. On the other hand, NSW has the largest number of investment companies. 
In NSW, these companies have the largest area of plantations in Australia. Table 3-3 
provides a comparison of forested areas of Queensland with other States of Australia in 
1991 for private and public plantations, and native forests. 
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The reason for the differences in property rights revealed in Table 3-2 and ownership 
category in Table 3-3 between Queensland and other States is the stricter environmental 
laws relating to clearance of native vegetation which exist in these other States. Under 
clearing legislation, plantations become an economic option for landholders. As well, in 
Queensland, large areas of native forests are already in the hands of private landowners. 
These private native forests can be logged to enable other more profitable land-use. These 
two reasons which may explain the behaviour of landholders do not explain the absence of 
involvement by institutional and industrial tree growers. It is noticeable in Table 3-3 that, 
by 2000, the private plantation estate had substantially increased in Queensland, albeit 
beginning from a low level. More importantly, the plantations are no longer owned by 
companies but by landholders, with about 1,400 ha of those being joint ventures between 
landholders and the Queensland government. The rate of planting in Queensland is still 
lagging compared to the other states. 
3.3 Supply and Consumption of Timber in Queensland 
The existing and forecast supply of hardwood timber is important for two reasons. First, it 
is the main factor driving SFAs in setting up reforestation programs. Second, it has 
implications for the long-term trend in price for hardwood timber. The stumpage value, 
which is the price paid to landholders for standing timber after costs of logging and 
transport to a timber mill have been deducted by the buyer, must be sufficient to induce 
landholders to reforest. However, the stumpage value cannot be determined by local 
conditions alone and is dependent on all existing sources of timber in Australia and 
imports, the proximity of timber or pulp processing plants to the timber source and the 
timber industry structure. The thesis does not provide a global analysis of the hardwood 
timber market and how global timber supply and demand affect the Queensland industry, a 
necessary requirement to estimate future demand and price for timber. Instead, this section 
examines what are the trends in demand and supply of timber in Queensland, and more 
importantly on the supply side who in Queensland supplies that timber. 
Notwithstanding the lack of private timber plantations in Queensland, the private sector 
provides a large share of the timber requirements. In the 1950's, nearly 50% of the State 
supply of timber was obtained from native forests owned by private landowners. Table 3-4 
indicates that by 1990, this private timber supply - 'Private native forests' and 'Private 
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plantations' - had fallen to 22.9%. This fall over 40 years is certainly considerable for the 
timber industry but must be put into a context whereby the state forest services share has 
increased. The increased share of the SFS is provided by the conifer plantations 
established in the 1950s and 1960s, which are now ready or near ready for harvest. 
Table 3-4 
Queensland timber supply by volume in 1990 and 2030 forecast 
Sources of timber supply 
Public native forests (Reserves) 
Total private native forest area 
Total private plantations: 
Total public forest plantations 
Total timber available 
Total consumption 
Shortfall 
Shortfall as % of consumption 
Timber supply Proportion of Timber supply 
1990 total 2030 
, 3s available (%) , 3 . . (m ) v ' (m ) 
427,000 
324,000 
15,000 
716,000 
1,482,000 
2,149,000 
667,000 
3 1 % 
28.81 
21.86 
1.01 
48.31 
100.00 
373,000 
232,000 
20,000 
1,639,000 
2,264,000 
3,583,000 
1,320,000 
37% 
Change in timber 
supply from 1990 
to 2030 (%) 
-12.65 
-23.40 
+33.33 
+128.77 
+52.70 
+66.73 
Source: Blake et al. (1990, p. 4). 
The volume of hardwood timber extracted from private native forests provides a useful 
proxy to the rate of clearing on private land. Table 3-4 reveals that timber originating from 
private native forests in 1990 provided 43.1% of the total hardwood timber and if timber 
extraction in public native forests is included, 50.7% of all available timber was from 
native forests. In absolute terms, and since 1990, the volume of timber extracted from 
native forests has continued to increase. DPI estimated that the share of total timber 
volume extracted from private forests is now over 25% (EPA, 1999, p. 3-46). This overall 
proportion of native hardwood timber from private landholding is higher than prior to the 
listing of the Wet Tropics of Queensland World Heritage. 
Table 3-4 also indicates that the shortfall of timber over the next 40 years is expected to 
grow at a steady rate from 31% in 1990 to an estimated 37% in 2030. This estimate, 
however, does not reflect the various shortfalls for particular uses. Public plantations and 
private industrial and investment companies own mostly pine plantations and the volume 
of timber provided by these plantations is estimated to grow by 128% over the period 1990 
to 2030. The shortfall in markets where hardwood is used will be much greater, and this is 
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the market for which governments rely on private landowners to fill the gap. The forecast 
in Table 3-5 reveals that only 5,000 m3 was expected to be added to private hardwood 
plantations over the period 1990 to 2030 if incentives and programs were not developed. 
However, one can expect over this time period substitution of softwood for hardwood for a 
variety of uses that do not require all the qualities of hardwood timber. 
3.3.1 Areas of hardwood plantations in Queensland 
In Queensland, the state plantation area of broadleaved species had in fact decreased from 
1,709 ha in 1991-92 to 1,690 ha in 1992-93, while the softwood plantation area has 
increased from 174,199 ha to 174,552 ha. The area of plantations varies between regions 
of Queensland and of particular importance in the context of the CRRP are the Atherton 
and Ingham forest geographical regions2. These two forestry administrative regions cover 
the Far North and North Queensland statistical divisions. Table 3-5 reveals the areas 
planted with trees in these two regions in 1991-92 and 1992-93. 
Table 3-5 
Plantation types and net areas planted by the Queensland State Forest Service in the 
Atherton and Ingham forestry geographical regions (FGRs) 
Location Softwood plantations (ha) Broadleaf plantations (ha) 
1991-92 1992-93 Annual 
increase 
1991-92 1992-93 Annual 
increase 
(%) 
Atherton FGR 
Ingham FGR 
Total area 
State total FGR 
Atherton and Ingham 
of state total) 
(% 
3,359 
10,058 
13,417 
174,199 
7.7 
3,423 
10,391 
13,814 
174,552 
7.9 
+1.9 
+3.3 
+3.0 
+0.2 
198 
45 
243 
1,709 
14.2 
198 
46 
244 
1,690 
14.4 
0 
+2.2 
+0.4 
-1.1 
Source: QDPI-FS, Yearbook 1992-93. 
Table 3-5 indicates that broadleaf plantations in both the Atherton FGR and the Ingham 
FGR are small. At the time of this study, there were no new broadleaf plantations planned 
by DPI-Forestry. More softwood plantations have been established in the Ingham FGR 
Forest geographical regions (FGRs) are administrative regions with boundaries determined by DPI-
Forestry. FGRs are not related to the Local Government Areas. The Atherton and Ingham FGRs 
include all the LGAs which have participated in the CRRP. 
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consisting mainly of Hoop pine. The ready short-term availability of timber from private 
native forests in these two regions may be a factor impeding more planting on Crown land. 
3.3.2 Hardwood plantations in other states 
In 1991, the hardwood private plantation estate was 2,790 ha and the softwood area was 
68,480 ha out of a total estate of 248,180 ha in 1991 (RAC, 1991). Plantations in NSW 
and Queensland are promoted as an alternative to native forest logging. For instance, in the 
context of NSW plantations, Pugh (1994) noted that 'it is evident that in reality the existing 
plantations are only being considered as an additional resource and proposed plantations 
will not come on stream until all loggable old growth forest has been converted to 
regrowth' (Pugh, 1994). Furthermore, while substitution potential exists between old 
growth forests and proposed plantations, it is not considered in these terms by the industry 
(Mamies Groome Poyre, 1994, p. 2). Rather, additional markets for the proposed 
plantations are being sought and there is no intention by the NSW government to consider 
the available resources from pine plantations as an alternative resource (Pugh, 1994). This 
means that timber prices will not be as high as they could be. 
Although not ratified, the Kyoto Protocol was signed by the Australian government, with 
the undertaking of Australia to restrict its greenhouse gas emissions to 8% above the 1990 
emissions level by 2012. With GNP growing at above 4% in Australia, greenhouse gas 
emissions will be above that 8% limit if no abatement measures are implemented. Tree 
planting is one option that has wide support amongst government, industries and the 
community because tree planting provides the capability to offset greenhouse gas emissions 
through carbon sequestration while producing many other benefits, including timber 
production and employment. This function of forests may become more important than 
timber in this first decade of the new millenium, changing the nature of forestry. 
3.4 Summary 
Reforestation until the 1990s has been mainly focused on timber as the major and generally 
only objective. The reforestation programs were thought of and carried out by state 
forestry agencies on Crown land where conifers were the main species of trees planted. In 
terms of new tree plantations, the involvement of the private sector has been uneven 
amongst States and basically non-existent in Queensland. 
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In Australia, promotion for tree planting by SFAs has focused since 1990 on hardwood 
species. The reason is that logging of native forests has become more and more restricted 
and unpopular both in Australia and overseas. Landholders who possess degraded land or 
land not in use for other crops are targeted through various programs including plantation 
joint-ventures to expand the forest area for the future supply of hardwood timber. 
Incentive programs to encourage landholders to provide land for reforestation have been 
available for many years in Australia including Queensland, with little success. However, 
since 1990, these efforts have intensified markedly and have been promoted by other 
sectors of the community, in particular conservation groups, local governments and federal 
government departments. The main reason is the political pressure exercised by the public 
to preserve native forests and since 1997 reforestation has become recognised as an 
important means to reduce greenhouse gas emissions. Increased recognition of carbon 
sequestration in trees acting as carbon sinks, will certainly affect the nature of forestry and 
the level of private tree planting in the next decade. However, there is still much 
uncertainty in this area and how carbon sequestration will affect timber supply in 
Queensland is conjectural at present. 
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Chapter 4 
COMMUNITY REFORESTATION AND PROPERTY RIGTHS 
Most forestry programs in Australia are developed by State Forest agencies (SFAs) and 
their main goal is timber production and harvesting. The Community Rainforest 
Reforestation Program (CRRP) in north Queensland developed in 1992 departed from this 
rigid structure (top-down model) to a flexible community-orientated reforestation model. 
This chapter examines which characteristics a reforestation program must have to be 
considered a community-based program. Two main theories provide insights for defining 
and developing successful community-based development programs. One theory is the 
social theory of community participation in natural resources which when applied to 
reforestation, explains the participatory nature of reforestation in terms of institutional, 
social and cultural settings. In particular, in Australia, the evolution of the concept of 
community forestry out of farm forestry is discussed- The second theory, which is more 
specific, is the economic theory of property rights. While institutional settings are 
important in terms of how a property rights regime operates, property rights rely on legal 
or contractual arrangements between groups or individuals whereby the role of the 
institutions in place is mainly to enforce these rights and to provide certainty to the 
economic agents. The construct of property rights is the link between law and economics. 
This is one reason why these two theories are not substitutes for each other but are 
complementary as far as they can explain successes and failures of community-based 
development programs. Section 1 discusses the theory of community participation in 
natural resources management in the context of reforestation. Comments are also made on 
how institutions rather than assist, can often present difficult barriers to overcome for 
community participation to occur. Section 2 also discusses the theory of property rights 
and what are the state and common properties rights regimes. Section 3 discusses the 
private property rights in Queensland. Section 4 presents the implications of the private 
property rights regime in Queensland for community reforestation and how property rights 
under this regime can create an uncertain environment with respect to development of 
community reforestation. 
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4.1 The Theory of Community Participation and Community Development in the 
Context of reforestation 
Community forestry as a specific form of community development can be analysed within 
the theory of community participation in resource management . Abbott (1995), for 
instance, explored the relationship between community participation and community 
development. His central argument is that community development is actually a specific 
form of community participation, and that success is determined by two key interacting 
factors: the role of the state and the complexity of the decision-making taking place at the 
core of the participation process. Many models of community-based projects have been 
designed and developed in the fields of sociology and government policy (e.g. Bregha, 
1973; Fletcher, 1983; Cossev, 1990; Schragge, 1993; Moore and Brookes, 1996). Nisbet 
(1953) used the cultural approach whereby 'community as a way of life is defined by a set 
of common values of interests around which mstitutions are developed and with which 
residents identify themselves' (cited in Duinker et al., 1994, p. 712). This basically means 
that the institutional setting simply develops after the community has defined itself and the 
institutions simply recognise a de facto situation. However, once institutions are 
developed, changes in community attitudes are not easily supported by existing 
institutions, often inflexible and not accountable to the public, but to Parliament. In the 
context of reforestation, the questions are whether the common interest or common goal of 
landholders is achieved and what does this means for institutions not designed for this 
purpose. Before addressing these questions, the concept of community forestry in 
Australia needs to be discussed. 
4.1.1 Evolution from a farm forestry concept to a community forestry concept in 
Australia 
The term farm forestry has been used extensively in Australia and Europe to describe trees 
planted on farms (agricultural or pastoral), while terms such as social forestry, agroforestry 
and community forestry have been used interchangeably within the context of developing 
nations. 
The theory of community participation in natural resources is not one theory but include conceptual 
models derived from several complementary disciplines. Bromley (1992) developed the theory and 
presented case studies in the context of the development of common-property institutions and their 
affects on resource management. Ostrom (1990) provided an in-depth analysis of the features of 
successful and unsuccessful local institutions for the long-term management of common property 
resources. His work was further refined in Ostrom et al. (1994) with the analyses of community-
based institutions and their range of interactions with regional, state, and national institutions. 
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It was as recently as 1993 that the concept of community forestry has been used for the first 
time in the official name of a reforestation program in Queensland. This concept seems to 
have become fashionable and is now often used in brochures to describe many other types 
of forestry programs. The shift is not accidental; the 'new' terminology in the Australian 
context conveys a meaning of active involvement from local government authorities and 
landholders at the grass-root level in tree planting instead of a top-down approach used by 
all States and Commonwealth governments to tree planting. The ultimate goal by forestry 
agencies, which promotes tree planting activities on farms, is to increase the supply of 
timber and to 'sell' the concept as an environmental benefit to landholders. 
In Australia, and Queensland in particular, the practice has been (and still is) for state 
forestry agencies (SFAs) to establish forestry programs for landholders and deal with each 
landholder. Forestry programs were not focused on landholders' needs and there was no 
sense of program ownership by landholders. Forestry programs since the 1990's although 
still administered by SFAs are regionally focussed and meetings are organised to bring 
together landholders, and create a sense of common purpose. 
One of the motives for using the name community forestry may be to assist in attracting 
government funding. Any programs that seem to be supported by local communities (as 
the terminology suggests they are), are more likely to be viewed sympathetically and 
supported financially by governments. 
Another possible reason for a shift from farm forestry to community forestry is that 
subsidisation of any kind, especially in the forestry sector, is always under scrutiny in 
Australia. However, since the 1990's, subsidies for community forestry are perceived more 
as environmental subsidies. The subsidies are not designed to provide benefits to a 
particular group, but to a community or a region with alleviation of soil erosion and 
improvement of water quality often cited in brochures prepared by SFAs and governments 
as examples of environmental benefits provided by tree planting. For example, SFNSW 
(c.1994) developed a brochure for developing Eucalyptus plantation joint ventures which 
highlights these benefits. Environmental subsidies are generally more acceptable to 
government and the public at large than industry or farm subsidies to grow timber. This 
acceptance in turn is reflected in the Australian federal government financial measures to 
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help the States to improve the environment. Plantations, and reforestation in general, 
contribute to this objective. 
4.1.2 Defining Community Forestry through the theory of community participation 
As a preamble, the term forestry must be made clear. The science of forestry was originally 
created in Germany as a response to the clearing of forests in that country in the 19l 
century. Faustmann, in 1849, published in a famous article the formula that bears his 
name, which shows that timber harvesting can be sustainable if the correct management is 
applied to a forest2. In effect, the Faustmann formula provides a management tool to 
extract timber from native forests indefinitely with rotations based on natural regrowth and 
making sure each age-class of trees is represented in a forest. Forestry has been defined in 
broad terms as 'the cultivation and management of forests' (MacMillan, 1991) while the 
Dictionary of 'Environmental Economics, Science, and Policy' defines forestry as 'the 
science and practice of managing forest resources for human benefit' (Grafton et al., 2001, 
p. 108). The management of forests is also widely known as silviculture. The purpose of 
forestry is therefore and foremost to provide management, based on scientific research, that 
enables the harvesting of timber as well as other forest products on a sustainable basis. It 
is therefore clear that any types of forestry (industrial forestry, farm forestry, urban 
forestry, and social forestry or community forestry) involves timber production as a goal3. 
The term community forestry can be defined through the theory of community participation 
if at least one of the goals to be achieved through community forestry will be timber 
production as stated in the previous paragraph. The goal of timber production in turn 
implies that some type of silvicultural management is required, although management can 
be minimal. This management is conducted and controlled by a community (e.g. a village) 
or through collaboration between landholders with an interest in reforestation and timber 
production. The extent of the collaboration is defined by the common interest and values 
shared by a community to achieve outcomes that satisfy both the individual (or private) 
needs of the participants and the needs of the wider community. Individual needs may 
relate to benefits derived from a forest other than industrial timber production, the most 
In a plantation setting, this can be represented for example by a 40-year rotation on 40 ha whereby 
each year one ha is harvested. Each age-class of the trees planted from 0 to 40 is represented. 
This is a very limited definition of forestry, because 'forestry' is the management of forests that 
involves much more than timber production. Timber production, however, is central to forestry. 
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common benefit being the need for fuelwood. Non-wood forest benefits (NWFBs), 
however, can also become important goals, especially in reforestation programs, for 
individuals and the wider community. NWFBs include maintaining and improving water 
quality, arresting soil degradation, collecting fuelwood, seeds, medicinal plants and barks. 
Other NWFBs enjoyed more particularly in Europe and North America include hunting 
and bird-watching. A societal benefit of reforestation presently addressed at the 
international, Australian Commonwealth and State levels are the carbon sequestration 
benefits provided by trees in the context of climate change. 
The presence of NWFBs besides timber benefits has implications for the type of forest 
management required. A type of management is required that satisfies the individual 
needs, the timber production requirements and the wider community needs. Identifying 
and balancing these needs first became an issue in the 1970's in developing nations where 
many development programs funded by governments and international agencies could not 
achieve the goals they aimed for and why. It is therefore not surprising that the 
development of the concept of community forestry roughly parallels the development of 
the concept of sustainable development - both emerged in response to the recognition that 
resource management and development strategies were not succeeding. Baldwin (1989) 
reported that it was within this context, for example, that the Food and Agriculture 
Organisation (FAO) interpreted community forestry as forestry that involves the people. 
This simple definition was elaborated upon in 1999, when the FAO interpreted community 
forestry as 'a strategy to enable sustainable use of forests resources which arose during the 
1970s' (FAO, 1999, p. 1). FAO also defined the roles of community forestry in the 
following terms: 
Community forestry 
• supports the control, management and use of forests and tree resources by 
local communities 
• explores the social, economic and cultural relationships between people 
and forest 
• implies a decentralised and participatory approach to forest management 
which assumes that the best stewards of the world's forests are the 
populations living in and around them (FAO, 1999, p. 1). 
The term community forestry is often not made clear and is sometimes used 
interchangeably with the term social forestry that has mainly been used in the context of 
developing countries. For instance, in the report "Community Forestry: Ten Years in 
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Review', Arnold (1991) summarised what is now known about the ways rural people 
actually use and depend upon trees. Arnold discussed their dependency on forests and 
trees for fuelwood,. food, livestock feed and soil nutrients, and cash income. He defined 
the meaning of the term community forestry as 'an umbrella term denoting a wide range of 
activities which link rural people with forests and trees, and the products and benefits to be 
derived from them' (Arnold, 1991, p. 25). If there is one dimension to be stressed above 
others, it is the range and diversity of these linkages, and the span of different disciplines 
which are engaged in aspects of community forestry. Community forestry is therefore 'not 
a separate discipline, or even program, but one dimension of forestry, agriculture, rural 
energy and other components of rural development' (Arnold, 1991, p. 25). Arnold 
therefore had a broad view of what community forestry is. For instance, he wrote: 
Community forestry (often called social forestry) is not limited to tree planting 
on farms, compounds or roadsides but also includes shifting cultivation, the use 
and management of natural forests and the provision of tree products from a 
variety of sources. It specifically refers to the promotion of self-help 
management and use of trees and perennials to sustainably improve the 
livelihoods of local people, especially the poor, generally using methodologies 
(called participatory) which involve beneficiaries in project design and 
implementation (Arnold, 1991, p. 25). 
Duinker et al. (1994) used the term community forests instead of community forestry in the 
context of Canadian native forests. 
Some Australian authors refer to community forestry as a means of control of or as a 
means to describe forestry practices. For example, Gilmour (1988) referred to community 
forestry as the control and sustainable management of local forest resources by the users 
while Baldwin (1989) referred to community forestry as a description of forestry practices 
or programs. Baldwin (1989) also suggested that the key factor for community forestry to 
be successful be for governments to support the community programs or projects rather 
than trying to enlist the community to support government programs. 
4.1.3 Limitations to the explanatory power of the theory of community participation 
Most evaluations of forestry programs relate to programs established in developing 
nations. The evaluations are often carried out from an institutional or sociological 
perspective. The outcomes of the evaluations are therefore explained in terms of: 
1. how institutions on one hand, and rural communities on the other, relate; 
2. how the participatory process was established; and 
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3. how the process was affected by these institutions and the various agencies that set up 
the programs. 
While the successes and failures are measured on outcomes (whether the objectives of a 
program were achieved), the reasons behind those successes and failures are explained by 
the process itself, in particular the role played by the institutions in that process. The lack 
of control over government programs and over resources (including finance), and the lack 
of wide participation in setting the goals and determining how the participatory process 
could be run, are generally the reasons why programs fail. In other words, the theory of 
community participation has limits in its ability to explain the degree of success in 
community forestry programs. However, deeper explanations for successes and failures 
can be found. For example, lack of control over resources, in particular land and trees 
planted, can be traced back to the property rights regime in place in the countries studied. 
4.2 What Are Property Rights? 
The contribution of a theory of property rights to economic analysis can be traced back to 
Coase (1959), Demsetz (1967), and Alchian (1969). These authors provided a new 
perspective and a framework within which to view the economic problem: allocation of 
scarce resources. Hault and Rutman (1979, p. 166) have shown that there is 'a direct 
relationship between a set of property rights, economic incentives, and resulting economic 
behaviour'. 
Individual property rights and their legal protection have the important economic function 
of creating incentives to use resources efficiently. The incentives to best utilise resources 
are created once property rights meet the three criteria of 'universality, exclusivity, and 
transferability' (Posner, 1973, p. 29). Other criteria such as divisibility and 
comprehensiveness are also important characteristics for resources utilisation, because 
these characteristics affect transaction costs and therefore transferability. According to this 
theory, the criteria of universality mean that ideally, all resources4 should be owned by 
For the purpose of the thesis, the discussion is limited to only land (real property) and its resources. 
'Real property - defined as land and its fixtures (Vermeesch and Lindgren, 1990, p. 412) - is 
transacted, real property transactions must be registered under one of the two systems of registration 
operating in Australian States: the 'Common Law' or 'General Law' or 'old system' tide in one hand 
and the 'Torrens' or 'Real Property Act' or 'registered system title' on the other) (Vermeesch and 
Lindgren, 1990, p. 423). 
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someone. The holders of these rights are entitled, with support of the legal system, to 
exclude others from using the resource. 
Property rights are 'never exclusive' (Posner, 1973, p. 34). Exclusivity is diminished in 
two ways. For example, while individuals may be excluded from using a resource, 
governments or government agencies can over-ride these rights because of incompatibility 
of use. Compensation, although a contentious issue in both theory5 and in practice because 
the amount is generally unpredictable (Tisdell and Harrison, 1999) is generally paid to the 
property rights holders (the holder) in the case of appropriation (e.g. land resumption). 
The more complete is exclusivity, the more incentive the owner of a resource will have to 
develop that resource. What sets a limit to the exclusivity criteria is enforceability, which 
involves a cost to the resource rights holder. The exclusivity criterion therefore varies 
from resources to resources and the characteristics or attributes associated with each 
resource owned (e.g. size, volume, divisibility, cost, transportability, weight, tangibility ). 
The third criteria of transferability means that the resource can be bought, sold, leased, 
rented, given or inherited so that the more valuable use for the resource through voluntary 
exchange can be achieved. Transferability has, however, associated costs called transaction 
costs, which might be very high in some instances. This was demonstrated by Coase 
(1960). Because of transaction costs, the property rights being transacted together with the 
nature of these rights are never complete but should be described as precisely 
(comprehensiveness) as possible in documents called contracts1. 
Transaction costs are therefore critical in the development of property rights and are the 
main reason as to why the criteria of complete universality and exclusivity and therefore 
transferability do not exist in practice. It is noted that the absence of a market for a good 
does not preclude property rights on that good, but a market economy cannot work 
efficiently without property rights in place. 
6 
7 
Compensation is also a contentious issue on theoretical grounds outside the economic profession but 
even within it (McCoskey, 1985, p. 43). It is contentious on moral grounds, because the 
compensation may be hypouietical and does not have to be actually paid, as in the Kaldor-Hicks test. 
As indicated in footnote 4, the discussion is limited to physical resources. Property includes also 
intangibles such as intellectual property rights including copyrights, patents and restricted information 
which are more difficult to protect once sold. 
A binding agreement (mostly made in writing but sometimes orally) between two or more parties for 
performing, or refraining from performing, some specified act(s) in exchange for lawful consideration. 
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For some goods, even partial exclusivity can never be achieved, because enforceability is 
impossible; these goods are called public goods e.g. air. Many resources have public 
goods characteristics, but are not public goods because exclusivity could be achieved if 
costs were no object, e.g. beaches. If a beach is relatively small or has limited access, the 
exclusive rights to that beach could be bought (e.g. Italy). In many countries, including 
Australia, the property rights to national parks and beaches are held by the States which in 
turn could request payment from the public for access. Alternatively, the States could 
theoretically sell the rights to these resources to the private sector. These rights would 
obviously exclude the rights of clearing a national park or allowing any changes in land-
use and would certainly include the obligations8 to maintain and enhance these resources. 
In exchange the holder would have the exclusive right to obtain payment from the public 
accessing these resources. 
4.2.1 Potential property rights associated with land 
As the previous section reveals, property rights on some resources are not 'one' right but a 
bundle of rights that can be separated and sold. For the purpose of the thesis, those are the 
property rights associated with the land and its fixtures (real property) and the resources 
grown on the land, e.g. crops, forest plantations or natural resources existing on the land, 
e.g. native vegetation including forests. Besides timber harvesting rights, there can also be 
other rights that are also essentially use rights (held by the title holder of the land) 
associated with irrigation water (but not watercourses), carbon sequestration, salinity and 
biodiversity, hunting, seed collecting and camping. At the time of writing, there were no 
complete9 (meeting the three criteria) property rights in Queensland associated with some 
of those, except water originating from watercourses and public dams, and seed collection 
from national parks. For example, the transferability criterion is not met for water in 
Queensland (water is not traded); thus the water rights are incomplete, although exclusivity 
and universality criteria are met10. In 2001, property rights legally enforceable were 
Obligations are limits or conditions of sale placed on a resource that must be accepted by the 
purchaser before the rights to use that resource are sold. 
'Complete' means that all the criteria are met, although as discussed in the text some criteria can never 
be fully met. 
The current water allocation management plans (WAMPS) being developed by the Department of 
Natural Resources and Mines (DNRM) have, as one of their purpose, to develop water trading in 
Queensland. 
58 
established in Queensland for carbon11 which is now defined as a 'natural resource 
product' (Forestry and Land Title Amendment Act 2001) although no 'carbon' market 
currently exists. Therefore, like water, the transferability criterion is not met as yet. 
In general, the legal entity that has use rights over a resource such as domestic crops, trees, 
livestock and mineral has in fact also control over that resource and can exclude others, 
including the legal holder of the land of using that resource. In practice, separating the 
bundle of rights into separate use rights can only occur if the separate property for which 
the rights are sought is recognised in law. This, a priori, requires that someone identifies a 
resource which can be separated from the original bundle (e.g. the land) and with the belief 
that the resource is more valued by itself than within the bundle of rights. The separate 
resource for which one is looking separate property rights must also meet the three criteria 
of universality, exclusivity and transferability. Once a new resource is identified, 
legislation must be passed so that the property rights to that resource can be established 
and enforcement possible. Without recognition in law, any contracts made (orally or in 
writing) on the resource identified will not be legally binding. For instance, until recently, 
timber rights existed in Australia, as separate rights from the land, only in Victoria and 
New South Wales. Queensland did not have until 2000 separate timber rights. This means 
that prior to 2000, if a Queenslander was selling rights to future timber from a newly 
established plantation, and latter wanted to change land-use or sell the land, the timber 
rights holder would have had difficulties in asserting the validity of the timber rights 
contract, 'because the value of the land and the value of the timber could not be separated' 
(Young, 2002, pers. Com.). Potential purchaser would therefore not take the risk and costs 
that would necessarily ensue to engage in such a contract. This example reveals how 
property rights act as incentives, or in this case, disincentives in the economic system. 
Legal recognition of use rights reduces transaction costs by providing certainty to the 
economic agents. 
In all Australian states, property rights over land are not complete. For example, in South 
Australia, landowners in rural areas require permit to clear part of their land. In 1999, 
State legislation (The Vegetation Management Act, 1999) in Queensland was enacted 
'' Amendments to the Land Title Act 1994 and to the Forestry Act 1959 were passed by the Queensland 
Parliament in 2001 to include carbon as a 'natural resource', Forestry and Land Title Amendment Act 
2001, Act No. 57 of 2001, Part 6B Natural Resource Products, Section 7, p. 5. 
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which restrict landholders on freehold the rights of clearing in rural areas without a permit. 
However, this legislation requires that compensation be paid to landholders, which so far 
has not been forthcoming with the result that the law cannot currently be enforced. As a 
result, the rate of clearing in Queensland keeps unabated at about 450,000ha /year, 
although this area of clearing includes large areas of leasehold land for which a clearing 
permit is required. 
4.2.2 Property rights regimes and the role of property rights in community forestry 
There are four basic property regimes. Those are: 
1. Private property, where individuals and their corporate counterparts hold rights. 
2. State property, where rights are held by the State. 
3. Communal property, where rights are held by a community of users. 
4. Open-access property, where access is free and open to all (Rigby, 1998, p.48). 
Economists generally call 'communal property' common property. State property refers to 
government properties, also called Crown property in the Commonwealth nations. 
Another class of property not mentioned by Rigby is customary land tenure. Hunt (2000) 
distinguishes customary land tenure from common property in this way: 
Although members appear to be able to hunt, gather, or collect water from any 
area or site within the community's broader territory, and that people cultivated 
gardens scattered throughout the territory. .. .Particular sections and individual 
trees or products are recognised as the property of individuals or clans and 
control of hunting and gathering rest with particular people or sub groups. 
(Hunt, 2000, p.2). 
How do property rights in Australia and Queensland in particular fits with community 
forestry? Forest management, as the previous section indicates, is an essential part of 
forestry which is not reflected in some community reforestation or tree planting programs 
which require only management during the establishment phase (e.g. restoration programs 
and riparian plantings). The definition of community forestry adopted in this thesis 
therefore must contain firstly an important element of management, which is associated 
with timber production. The intensity of management will depend in turn of the property 
rights regime in place and the institutional and legal settings, which protect but also limit 
these rights. The level of management adopted needs consideration. One aspect relates to 
time spent in managing the resources and the second aspect relates to who holds the rights 
over the resources. In relation to the first aspect, the time spent in managing the timber 
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resource will be proportional to the prospect of income commensurate with that effort 
which in turn is directly related to timber prices. If, in the case of a community forest, the 
income from timber is shared equally without reference to individual effort, the time or 
effort spent by any individuals may be negligible. In the case of landholders with 
individual harvesting rights, the time spent (or effort) will depend whether timber 
harvesting is their main occupation (usually not), and the price of timber. Landholder 
survey results in NSW (Emtage, 1995) and Queensland (Harrison, et al. 1994; Eono and 
Harrison, 1996), suggest strongly that timber production is not the main income source for 
landholders and therefore forest management is often not a strong priority. Other goals 
often may also impede a management regime necessary for obtaining high quality timber 
and thus the highest prices. 
4.2.3 Timber property rights under State and Common Property regimes 
A government might own the land and timber resources but sells the harvesting rights to a 
company. These timber rights might also provide control over the management of the 
timber resource, providing work to rural inhabitants who had previously open access to 
other forest resources (e.g. fuelwood, honey, medicinal plants, mushrooms). Since these 
benefits are incompatible under the management regime carried out by many multinational 
timber companies, the communities that rely on these non-wood forest benefits suffer 
hardship in the long term and sometimes displacements of people to the cities. Timber 
companies in Indonesia and Papua New Guinea do not have commitmehts to providing 
long-term livelihood for the inhabitants. When a community has property rights over the 
timber resources held as common property, what seems to be a large amount of money to 
these communities is generally enough to sway that community in selling the harvesting 
rights to these companies. However, by selling harvesting rights, these communities also 
loose resources for which there are no property rights. Again, a short-term view of the 
timber resource and the lack of effective long-term management (e.g. by replanting after 
harvest) are not considered by the companies with only harvesting rights. 
It is important to note briefly that the unbalanced bargaining power over natural resources, 
due partly to information asymmetry, between multinational timber companies and village 
communities in LDCs is another impeding factor to successful negotiations dealing with 
natural resources well documented in the trade development literature. Asymmetric 
information affects negotiations between these two groups. This information imbalance 
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implies that the selling of timber rights may not be fully understood by the villagers. This 
is an important issue in some developing countries where the concept of property rights is 
foreign, for example when the cultural or social links between the inhabitants, the land and 
its natural resources are inseparable (e.g. Aboriginal culture). Similarly, in Papua New 
Guinea, the selling of harvesting rights is assumed by the villagers not to destroy these 
social and cultural links. Once awareness of the links arises, disenchantment and anger are 
expressed sometimes violently, against these timber companies as reported by Collins 
(2000). If property rights on hunting, medicinal plants and fuelwood existed in these 
communities, these rights would be at least considered by timber companies and this 
maybe could alter the way negotiations are carried out. Timber rights by themselves can 
be destructive, if the obligations to manage forests sustainably are not conditional to the 
selling of the harvesting rights. 
4.3 The Property Rights Regime in Queensland Rural Areas 
Queensland landowners in rural areas have inalienable rights on their land (which include 
legal possession and right of use). However, like all property rights, they are not complete. 
Rural landowners may grow any legal crops, may clear their land or leave the land as it is. 
The only exceptions to this general principle relate to mining, petroleum and gas 
extraction, as well as the construction of public infrastructures (e.g. roads and railways) or 
resumption of part of the land for public utilities (e.g. telephone lines, electricity lines, 
mobile telephone towers). These use rights are considered as more valuable to the 
community than the existing private landuse. Although for these latter uses, grazing may 
still be undertaken. However, if the land is forested or with domestic crops, landowners 
affected by the change in land use occur some losses of production as well as reduction in 
aesthetic and possibly health benefits. Under these circumstances, the practice has been 
for mining companies or the State to compensate fairly landowners for the loss of land and 
crops. The amount of compensation is set by negotiation. Landholders cannot object to 
the use of their land for these purposes, subject to a fair compensation and for the users to 
meet all the environmental obligations attached to these use rights. However, landholders 
can object to the amount of compensation offered. In case of no agreement being reached, 
Australian courts in all states would decide the amount of fair compensation. 
Under the less restricted category of leases, the land remains the property of the Crown, 
but the forests and any timber plantations are managed or harvested for commercial returns 
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by the lessees (DPI, 1998). The only difference between this category of leases and 
freehold is that lessees as in any other categories of leaseholds require clearing permits 
from DNRM as noted in Chapter 3. 
4.4 Implications of the Property Rights Regime in Queensland for Community 
Reforestation 
The implications of a private property rights regime which is 'liberal' compared to other 
states also mean that the tenure holders are highly individualistic and therefore the property 
rights regime influences strongly the community involvement, in particular the interactions 
between neighbours. Co-operation between landholders, if co-operation takes place at all, 
has to be learnt by landholders. Trust between landholders has to be based on a common 
interest that overcomes the individualistic attitude. While Queenslanders show a strong 
community attitude when it comes to forest conservation, landholders have a more 
egocentric attitude about their own 'business' which they perceive as 'nobody else's 
business'. 
To translate landholders' attitudes into the economic context of property rights, this means 
that landholders have to give up some individual property rights (e.g. management rights) 
and transferring them to a community group consisting of their peers, a difficult barrier to 
overcome. For community forestry to develop, this hurdle has to be overcome, so that 
timber harvesting can occur in a fashion, which maximises benefits for a region as a 
whole12. However, benefit maximisation for the community may not be necessarily 
involving income or even profit maximising for any individual landowner. This is because 
some landholders might prefer to maximise after tax-returns since timber harvesting is only 
one element of their total farm income. For example, landholders who agree to participate 
in reforestation programs such as the CRRP have done so for various reasons and timber 
harvesting is not the main reason for most of these landholders for participating. Therefore 
from a timber resource perspective, the CRRP was unlikely from the beginning to become 
a catalyst for expanding community reforestation once the CRRP ceases to exist. If, on the 
other hand, the non-wood forest benefits derived from the CRRP are considered, most of 
these benefits have positive community impacts. Therefore, viewed from this perspective, 
the community benefits may entitle the program to be called a community reforestation 
11
 The wider community could have a steady and sustainable stream of timber year after year, if for 
instance, a cooperative whereby landholders are shareholders, plan timber harvests over all uie 
individual plantings and share die revenue. 
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program. However, there are no markets associated with any of these benefits. Neither the 
wider community nor the governments who financed the program have any rights over the 
NWFBs, nor are there any monetary returns that could show to taxpayers in a transparent 
way the justification for the program. 
The CRRP in Queensland is more akin to farm forestry where forestry is an element of 
total farm management whereby the purpose of tree planting is tailored to individual farms, 
with little community input, except local governments that initiated the program. Only if 
the reasons for planting of many landholders in a region coincide, community forestry may 
be possible in the sense provided by the theory of community participation. The 
management of the CRRP plantations by professional foresters through a cooperative 
would assist in maximising the total benefits. There have been many seminars and 
workshops between 1993 and 1997 involving CRRP landholders, forestry agencies, 
researchers, the timber industry from timber millers and cabinet-makers, and the 
community at large. The purposes of these workshops and seminars were to disseminate 
and exchange information and research findings on all aspects of growing, maintaining, 
harvesting and obtaining the best prices for native and rainforest trees of various species. 
4.5 Summary 
This chapter has attempted to provide explain community forestry by referring to the 
discipline of sociology, which provides theories of community participation, and to the 
economic theory of property rights. This avoids the problem, often encountered in the 
literature of naming particular forestry programs as social simply because they are in a 
developing country when they would be called community forestry programs in a 
developed country. Similarly farm forestry cannot be defined as community forestry 
because there is no community input. The inclusion of community participation in a 
forestry program implies a bottom-up approach and some control over the process and how 
a program will achieve its aims. The question of program funding can still be an issue 
because funding influences who controls a program (e.g. a government agency). However, 
through community participation, the issue of funding and control can be addressed to the 
satisfaction of all by addressing the property rights upon which the participatory process 
takes place. Ignoring the property rights regime and focusing only on the institutions 
involved and how the participatory process has been undertaken provides only partial 
64 
answers as to why a particular community program might fail or succeed and examples are 
provided in the following chapter. 
In Queensland, landholders on freehold land have inalienable use rights attached to their 
land, meaning that they can exclude others, with few exceptions, from any fixtures to the 
land, including trees. However, until 2000, they could not unbundled the timber rights 
from their land and therefore could not sell the land and the timber rights separately, 
because the legal system did not allow for this separation. When the CRRP was created, 
the trees planted at government costs, on these private lands became the landholders trees 
with no recourse for the government because no contracts were entered into, for example, 
to harvest the trees at a certain point in time as is the case in joint ventures. One of the 
main criteria for community forestry is that at least one of the common goals be timber 
production, which is clearly not the case for some CRRP participants. Furthermore, the 
freehold property rights regime under which CRRP landholders operate, creates a mistrust 
amongst them of the perceived interference of their property rights by others (e.g. the 
community and the State and Commonwealth governments). The implication is that a real 
community management of the timber resource in the CRRP is unlikely. The future will, 
however, provide a definite proof to this statement. The theoretical frameworks used to 
reach this concluding statement will now be sustained by using case studies from various 
countries. 
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Chapter 5 
COMMUNITY REFORESTATION: CASE STUDIES 
In this chapter, a review of community forestry programs in selected countries is 
undertaken. The case studies chosen demonstrate the differences in objectives that exist 
between countries community forestry programs and how and why community forestry has 
developed- In Section 1, selected community forestry programs in developing countries 
are reviewed with special emphasis on Nepal where community forestry has been 
implemented successfully. In Section 2, examples of community forestry programs in 
developed countries are examined with a focus on the development of community forestry 
in the United-States, Canada and the United Kingdom. Section 3 focuses on Australian 
examples of community forestry programs, and Section 4 focuses on the previous forestry 
programs in Queensland. The case studies chosen are selected on how they meet the 
definition of community forestry from the previous chapter. An aspect of this review is 
also to report how successful or unsuccessful these programs have been, in terms of their 
objectives and the reasons behind their success or failure. 
5.1 Community Forestry Projects in Developing Countries 
In the previous chapter, the author found that rnany authors used the terms social forestry 
and community forestry interchangeably in the context of developing countries. Some of 
the case studies presented here are sometimes referred as social forestry. With a definition 
proposed in Chapter 4 that is closely link to the property rights regime, the subjective 
preference of authors disappears. In the proposed definition, a forestry program is a 
community forestry program if the elements of both timber production (timber rights held 
in common) and community participation in, and control of, a forestry program are present. 
The degree by which a community forestry is successful depend in many instances of the 
degree of community involvement and what property rights they do held over the forest 
resources. The first case study focuses on community forestry in Nepal. 
5.1.1 Community forestry in Nepal 
Nepal has experienced three phases in forest management - private ownership from the 
unification of the Kingdom until 1951; nationalisation from 1953 to 1987; and populist 
or community forestry from 1990 onward. 
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Before 1951 all the forests were privately owned, mostly by the ruling Rana family. 
Forests were nationalised in 1957. The Forest Act I960 ruled that even a single log of 
timber could not be collected without prior permission from the government who held all 
rights to the land and its resources. People were forced to think that the forests did not 
belong to them. So, a haphazard illegal cutting of forests continued. 
By the late 1970s it was apparent that property and use rights over land and forest were 
important for conservation. Under the government controlled forest management system, 
Nepal's green cover has been depleted quickly over the last few decades. This rapid 
deforestation led a 1976 World Bank report to predict that Nepal would have no forest in 
20 years. Adhikar (1990) reports that over the next decade, greater control was placed in 
the hands of local governing bodies or panchayats. These forests - either Panchayat Forests 
or Panchayat Protected Forests - are similar to traditional community forests known as 
sanad forests, thus bringing current management back to the approach used many decades 
ago. Adhikar (1990) concluded that failure to recognise the importance of the traditional 
management system was an important factor in deforestation. 
After the restoration of multi-party democracy in the Kingdom in 19901, a Special Act was 
promulgated to regulate the concept of community forestry. The Community Forestry Act 
1993 provides that any patch of forest can be handed over to the local people. Before the 
hand-over takes place, a users group has to be formed from among the potential users. 
The user groups hold all rights over the forest ceded to them. The user groups can plant 
trees, and consume or sell the forest products. The Act and the Forest Regulations have the 
provision that a Forest Action Plan should be prepared by each forest users group. The 
community acts in accordance with the Action Plan that has to be ratified unanimously by 
a meeting of all users. 
The approach to community forestry in Nepal's midwestern hills was pioneered by 
USAJD-Nepal and its partners that resulted in legislation that now provides communities 
Though community protection of forests was formalised only in 1990, it had began in 1973, when 
some enthusiastic people of the Sindhupalchowk district, 50 kilometers east of Kathmandu, 
formed a Forest Security Committee and protected a patch of nearby forest. This served as a 
success story to replicate elsewhere in the country. 
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with secure land tenure rights and the authority to manage and harvest forest resources. 
USATD-Nepal assists the formation of community forestry user groups (CFUGs) to 
protect and sustainably manage forest resources. To date, the change in tenure totals more 
than 84,000 ha of land to 1,044 CFUGs with 670,000 members (USAID, 1998). The 
demand by user groups for the Government of Nepal to cede forests keeps growing rapidly 
- 80% of all turnovers have taken place during the past three years since the passage of the 
Forest Act. Nepal's grass-roots community forestry program has emerged as a dynamic 
national movement with several million members. A federation of CFUGs wields 
considerable influence in obtaining resource management rights for communities. 
The program is now adapting the highly successful hill community forestry model to the 
terai, Nepal's southern plains region which borders India. Only 270 community forests 
exist in this region; consequently, deforestation is high. The Government of Nepal and 
landlords have been reluctant to transfer property rights and management of terai forests to 
user groups comprising mostly tenant farmers. Despite this, in 1997, 61 new user groups in 
the three districts of Nepal's midwestem terai were formed (USAJD, 1998) and account for 
70% of all groups currently managing terai forests nationwide. This, combined with 
USATD-Nepal's successful introduction of community forestry in Nepal's midwestem hills, 
has helped to engage the Government in a policy dialogue on community forestry in the 
terai. The dialogue is intended as a prelude to the Government of Nepal promotion of 
community forestry across Nepal's entire southern border region (US AID, 1998). 
Gajurel (1997) stressed that ownership amongst the people is vital when it comes to 
conservation efforts. Successful forest conservation by people in Nepal has proved that 
unless the people in general are involved in conservation and believe it to be to the public 
benefit, no desirable achievement can be reached. The people will not come forward to 
work on conservation until they are guaranteed that they themselves will benefit by their 
work. 
The World Bank's projection proved to be wrong. Decreased below 100,000 ha of forested 
land in the early 1980s, Nepal now has more than 350,000 ha of forests protected and 
managed by the people as community forests. Government controlled forest is not 
included in this figure. The total forested area in Nepal is 5.5 million ha, almost 37 percent 
of the country's total land mass. 
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The government cannot resume the forest back once the forest is ceded the management 
and use-rights to the people. However, it can initiate restructuring of any users group's 
executive committee, in case of misuse or mis-management of the forest, and it can give 
directions and technical assistance to the people. International organisations have also 
generously given technical expertise to the community forestry programme. 
The Community Forest Users Groups have formed a federation to operate more smoothly 
and effectively. Forests in a number of villages have become so dense that many species 
of wild animals, like tiger, leopard, deer and bear are now encountered frequently (US AID, 
1998). 
5.1.2 South Korea's experience with community forestry: The Fuel Wood Project 
Ho (1989) in the analysis of this project demonstrated that when people are fully involved, 
the objectives of community forestry projects can be reached successfully. The Community 
Fuelwood Project evolved out of the government's conscious desire to stop deforestation 
but still meet the demand for fuel, fodder and small timber. Ho (1989) reported that the 
success of this scheme in terms of its primary objective may be attributed to massive 
government investment and unique supporting institutions such as tenure arrangements to 
use private land for fuelwood plantations. Twenty years after establishment of the scheme, 
there was an oversupply of fuelwood which is partly a credit to the scheme, but also due to 
the decrease in demand which occurred over the period through an emigration of people 
from the villages to the cities and substitution of wood for fuel with pallets. 
5.1.3 The Kolar community forestry program in India 
India is where social forestry has emerged and has a multitude of social forestry programs. 
Although many of these programs may be successful in terms of their objectives, the top-
down approach adopted for many of these programs has led to failure. For instance, Shiva 
et al. (1986) highlighted the existence of a gap between social forestry policies based on 
community management and the outcome of a program designed to implement them. The 
authors analysed the results of a social forestry programme in the Kolar district of 
Kamataka, India. In their view, rather than achieving its stated aim of creating forests for 
the benefit of the community, it had perversely aggravated the problems it was designed to 
resolve (i.e. to provide people in Kolar with more tree products) This negative result was 
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attributed to several factors including the placing of too great an emphasis on private farm 
forestry, rather than on communally held forests; furthermore, poor choice of the tree 
species used in the project contributed to worsening community problems related to 
fuelwood price and availability as well as to labour displacement. The authors also pointed 
out that the lack of attention to the types of trees grown or to who grew them exposed the 
erroneous assumption that if more of a particular commodity — in this case trees or tree 
products - was available, it would automatically be accessible to more people. 
5.1.4 Experience of community forestry in other developing countries 
In other Asian countries, experiments in social forestry have in general not been successful 
(Agarwal, 1986). More promise is held for "agroforestry" or "farm forestry" programs that 
build on existing farming systems, and are based on farmer's initiatives, i.e. use a 'bottom-
up' design (Soussan, 1988). It has been found that success of these programs depended on 
markets for tree products, suitable climate and soil for the selected tree species, and 
possibly capital investment funds for establishing plantings and transition from current 
farming systems. 
To become effectively community forestry, the control through property rights and 
management of existing forests and new plantations must be returned to the 'community,. 
Failures of community forestry projects can be found in many programs. For example, 
Cortez (1989) reported that the failures of forestry programs in Papua New Guinea were 
caused more by distrust and misinformation than flaws in the schemes. The distrust and 
rrusinformation, in turn, are mainly caused by a failure to understand property rights in a 
country where customary tenures are widespread (see Hunt, 2000; Hunt, 2001) and the 
separation of land, spiritual values and physical presence is not culturally possible (e.g. 
Aborigenal culture). Similarly, Horta (1991) reported that it was the absence of 
consultation with the people which was the cause of failure to implement community 
forestry programs in Cameroon. These failures reinforce the need for a forest policy 
which involves the people at all stages of implementation. 
Some community forestry programs such as the People Orientated Forestry Program in the 
Philippines were attempting to overcome the issues of control, build trust between foresters 
(from the University), farmers and the community through education and training in order 
to protect the Mt Makiling Forest Reserve, where only '50% of the original tree cover 
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remains' (Villanueva, 1994, p. 9). The University of the Philippines at Los Banos had 
juridiction over the Mt Makiling Forest Reserve and a mandate to manage its resources. 
Villanueva (1994). reported that the university no longer was the sole manager of the 
resource and that the community had a large role to play in keeping the resource intact and 
sustainably managed. 
In his review of community forestry in South America, Burniske (1994) concluded that the 
advantages of community forestry were the change in behaviour and the halt of widespread 
deforestation by controlling fires, and stop the misuse of resources due to illegal logging 
and wildlife poaching. On the negative side, the establishment of community forestry 
requires more commitment from governments, non-government organisations (NGO's) or 
cornmunity themselves. For instance, Burniske (1994, p. 4) stated that 'it is far more 
difficult and time-consuming to pursue forest management with community participation. 
Participants need to be educated, trained and, more importantly, organised in order to 
acquire the abilities they need'. 
5.2 Community Forestry in Developed Countries 
In this section, a review of some reforestation programs in the United States, Canada and 
the United Kingdom is undertaken. Most programs provide subsidies to farmers for 
establishing commercial plantations. The projects described below are chosen to highlight 
the differences between community forestry and farm forestry, the latter being a better 
term to describe most programs in the United States and Australia. A main difference 
between the two countries is that the amount of funding for growing trees is large and the 
sources of funding are varied in the United States. 
5.2.1 Community forestry in the United States 
Community forestry in the United States is mainly dealt with by local governments which 
generally obtain their funds from their State. Coder (1996) has identified trends suggesting 
proactive changes be made in community resource management in the United States 
including amongst others: 
a) Communities (social identity lines not political boundaries) are becoming more 
isolated due to resource use, population growth, and security concerns. 
b) Individuals are electronically interacting over wider scales. This means that 
community. 
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c) Communities are becoming smaller interacting units and rapidly proliferating. 
This means more community leaders and innovators need to be reached in order 
to change behaviors. 
d) Resource management concentration will be on diversity, habitats and system 
functions. 
e) Sustainability is critical. New ecological paradigms are arising. 
f) Carbon taxation or incentives, and water-use taxation or incentives will be logical 
progressions of conserving resources. (Coder, 1996, p. 1). 
As the following examples show, the objectives of the programs are mainly for 
environmental purposes, although timber harvesting is not excluded. 
a) Community forestry in Washington State 
In Washington State, community forestry has only recently been recognised through the 
Community Forestry and Agricultural Conservation Act 1998 enacted in a bipartisan 
manner. The purpose of the Act is to advance community-based solutions to preserve the 
environment and enhance the quality of life in Washington State and to provide an 
example of local cooperation and community-based environmental solutions, rather than 
'big' government solutions. The main groups include local environmental groups like the 
Pacific Forest Trust, and national groups such as the Trust for Public Land, as well as 
timber industry partners like U.S. Forest Capital, Port Blakely Tree Farms and 
Weyerhauser. In cooperation with the State government, these groups have developed a 
plan that will enable communities to conserve natural resources. This plan takes advantage 
of markets to lower the cost of capital, so that landowners have enough financial flexibility 
to keep forests healthy, restore salmon and keep water clean (Dunn, 1998). The plan is 
also designed to encourage local investors, environmental groups, landowners, timber 
groups, and community activists to come together and purchase land to preserve the 
environment. 
The concept is simple, but its benefits will be bold. A landowner or community 
group with a desire to conserve specific lands would develop an agreement 
detailing what land would be sold and at what price. They would also decide on 
a land management plan for years to come, detailing environmental protections 
on the property. Based on the agreement, a government entity would issue the 
bonds on behalf of the nonprofit organization, so the nonprofit can purchase the 
land for conservation. (Dunn, 1998, p.5). 
Dunn added that 
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this approach responsibly keeps environmental decision-making authority with the 
citizens who best understand and value the community benefits. The Community 
Forestry and Agriculture Conservation Act provides an opportunity to create a 
conservation model that can be used by communities across the country (Dunn, 
1998, p. 5). 
As in most community forestry programs, the community has a large degree of control in 
the community forestry model developed in Washington State. The particularity of this 
model is its focus on forest conservation that is baked by legislation. 
b) The North Carolina urban and community forestry grant program 
For eight years, the North Carolina Division of Forest Resources, in cooperation with the 
USDA Forest, offered the North Carolina Urban and Community Forestry Grant Program. 
In 1998, US$ 215,553 in matching funds were available. The goal of this initiative is to 
encourage citizen involvement in creating and supporting long-term and sustained urban 
and community forestry programs at the local level. 
c) The Bath Community Forestry Trust 
In September, 1992, under the auspices of the Bath City Council, the Bath Community 
Forestry Committee was organised to develop a management plan for Bath's urban forest, 
as part of the Comprehensive Planning process. This 'forest', co-existing with buildings, 
asphalt, cars, and human beings, provides aesthetic, economic, and health-giving benefits. 
When properly maintained the Bath Community Forestry Trust embodies the belief that 
trees, forests, and open spaces - in combination - improve the day-to-day lives. The Trust 
is focused on the future; that the generations which follow will inherit an urban 
environment which enhances Bath as a special place, unique in location, and prized for its 
habitability by citizens, visitors, and institutions alike. The mission of the Trust, 'shall be 
firmly based upon the need to protect, to expand, to preserve, and use wisely, the forestry 
resources and green spaces found within the City of Bath' (Bath Community Forestry 
Committee, 1995, p. 2). The Bath Community Forestry Trust was established for the 
following purposes: 
To provide care and maintenance for existing public trees; establish new public trees; 
and remove hazardous public trees and hazardous limbs of public trees within the City 
of Bath. 
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• To encourage and provide environmentally sound use of City-owned forested lands for 
educational and limited recreational purposes while conserving the basic resources for 
the enjoyment and benefit of future generations. 
• To provide and maintain specialized equipment as well as funding for services 
necessary to carry out the above stated purposes. (Bath Community Forestry 
Committee, 1995, p. 2). 
This program has also conservation as its main purpose. However, the specificity of this 
program is that it is implemented in an urban environment. 
d) Other forestry programs in the United States 
Most of other forestry programs in the United States are better described as farm forestry 
programs for non-industrial private forest (NTPF) growers. Examples of these programs 
are reported in Appendix B. These programs provide an economic boost to dependant 
saw-mills, nurseries and employment (loggers), although the industry dealing with 
monoculture tree species is now well mechanised. 
5.2.2 Canada experience with community forests 
Community forestry in Canada is well-developed and well documented. However, the 
concept of community forestry relates mainly to existing public forests. Berts (1995) 
undertook an analysis of the potential for community forestry in New Brunswick in light of 
trends towards large-scale management of forest resources there. Duincker et al. (1994) 
also examined community forestry in Canada. The authors identified seven areas of 
concerns for communities contemplating to apply the concept of community forestry in 
their area. The areas to consider were land base (areas included), range of resources 
involved, property rights and tenure options, models of administration, decision-making, 
public participation, and financing (Booth and Halseth, 1997). A previous study by 
Harvey and Hillier (1994) in the same vein had examined community forestry in Ontario. 
a) The Ontario community forestry project 
Harvey and Hillier (1994) provided a description of four community forestry pilot projects 
in Ontario developed under the Ontario community forestry project. This project 'explores 
the relationship between forest resource management and community development' 
(Harvey and Hillier, 1994, p. 725). The authors raised the question of ;how far is the 
Ontario government willing to go in empowering the community in decision-making and 
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program delivery' (Ibid. p. 725). The Geraldton community forestry model, one of the 
town which was selected as pilot in 1992, proposed 
intensive forestry management on a relatively small land base of approximately 
65,400 ha (seven townships) surrounding the town. A Steering Committee, 
with strong representation from elected community officials plus the forest 
industry, economic development agencies, local forest workers union, the 
Ontario Ministry of Northern Development and Mines and the Conservation 
Council of Ontario has been directing the project since the beginning (Ibid. p. 
727). 
By 1993-94, this project had established a stable workforce and generated over $200,000 
in revenue. This project was established on a non-profit basis and 'assumed management 
responsibility for MacLend Lake Provincial Park which had previously been closed as a 
cost-cutting measure' (Harvey and Hillier, 1994, p. 728). 
The Elk Lake community forestry pilot project has a land base of about 376,000 ha. A 
Partnership Committee, with local representation of local interest in the area, has been 
formed to direct the project. Committee representation is wide, 'including tourism and 
mining sectors, local labour associations, recreation, environment and education interests' 
(Harvey and Hillier, 1994, p. 728). The Elk Lake Community has 'invested heavily in 
establishing mechanisms to ensure timely resource management decisions which reflect 
local needs while respecting the provincial interests' (Harvey and Hillier, 1994, p. 728). 
While this project is rightly called a community forestry project, through wide community 
participation, the forests are existing forests belonging to the Government and therefore the 
benefits accrue within a short period, which is vastly different from new tree plantations 
where stakeholders have to wait at least 20 years to enjoy the benefits, and therefore the 
level of commitment is much more demanding. 
5.2.3 Reforestation programs in the United Kingdom 
The plantation schemes presently in existence in the United Kingdom have their origins in 
the Ministry of Agriculture, Fisheries and Food (MAFF). This origin has had a deep impact 
as to why reforestation schemes have been undertaken recently and it is worthwhile to 
review why MAFF conceived these schemes. The fact that MAFF has wider 
responsibilities than forestry explains why the benefit of timber per se is not the main goal 
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of these schemes and is certainely not MAFF's priority. The main problem faced by 
MAFF was agricultural overproduction and depletion of soil nutrients. Two schemes: the 
Farm Woodland Scheme (FWS) or Farm Woodland Premium Scheme (FWPS) and the Set 
Aside Scheme (SAS) are reviewed here. The SAS is a modified version of the 
Environmentally Sensitive Areas (ESA) Scheme. Both schemes have the landscape 
protection and the reduction of agricultural land as goals. 
a) The Farm Woodland Scheme 
This scheme, founded in 1988, and modified in April 1992 to become the Farm Woodland 
Premium Scheme (FWPS), was designed to encourage farmers to plant new woodland on 
land currently in agriculture, (thus assist in decreasing agricultural surpluses); to enhance 
the landscape and create new wildlife habitats; to encourage recreational use, including 
sport; and to expand tourist participation. At the same time, planting was intended to 
contribute to farm income and rural employment but ultimately the scheme was to 
encourage greater interest in timber production from farms and in the longer term to 
contribute to the UK's timber requirements (Hill et al., 1994). The scheme provides 
payment of up to 40 years for oak and beech, 20 years if the planting consists of at least 
50% broadleaf species, 20% if less and 10% for coppices. Grants for new plantings are 
paid in two instalments - 70% when planting is finished and 30% after 5 years (Forestry 
Commission, 2001, p. 11). Table 5-1 reveals the various grants that can be obtained under 
the scheme. 
Table 5-1 
Planting grants under the WFS 
Area (ha) Rates of grant per hectare planted 
Conifers (£) Broadleaved species (£) 
10-29 ~ * ~ ~ 505 — ~ " —
 1?275 ™ 
3 0 - 9 9 420 1,175 
100 plus 240 975 
Source: Hill et al., (1994) 
For arable and improved grasslands in less favoured areas, the grants amount to £100 per 
hectare for severely disadvantaged areas, £150 for disadvantaged areas and £190 
elsewhere. Those payments have been increased to £130, £190 and £250 respectively in 
the FWPS. 
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In the modified scheme (FWPS), there is a higher land supplement of £600 pounds per 
hectare for broadleaves, (£400 for conifers) and a community woodland supplement of 
£950. 
b) The Set Aside Scheme (SAS) 
This is a voluntary scheme designed to reduce surpluses of arable crops. In return for 
taking out of production at least 20% of the land growing certain crops a farmer receives 
annual compensation payments of £200 (not indexed for inflation) for each hectare per 
year of land set aside (£180 in less favoured areas). A minimum of one hectare is required 
with no maximum. If the farmers decide to plant trees in the area set aside under the 
Forestry Authority's Woodland Grant Scheme, then they receive £210 per hectare per year 
(£ 180 in LFAs) or they can also joined the FWPS). 
5.3 Australian Plantations and Reforestation Programs 
Community forestry in Australia could be developed nationally if the recommendations of 
The Plantations 2020 Vision, a report released in 1997 to promote the expansion of 
Australia's plantation estate were implemented. Although the report was not concerned 
with community forestry, but farm forestry2, its goals would probably be achieved if local 
communities, comprising the private landholders, were involved in its implementation. In 
particular, it was proposed in the report to treble the area of Australia's forest plantations 
from 1.1 million ha to 3.3 million ha between 1996 and 2020. Australian governments and 
the forest industry are committed to achieving the goals set out in the Vision 2020 
Implementation Plan. One of the strategic imperatives of the plan is to 'boost the 
availability of suitable land for plantations' (Stephen et al., 1998, p. 1). 
According to the Vision Implementation Committee (1997), achievement of the 2020 
vision would provide the following benefits: 
1. More than $3 billion will be invested to establish new plantations by 2020 - mainly 
private capital investment. 
2. Farm incomes will increase by 20 per cent. Farm forestry in high rainfall zones 
could contribute up to $664 million a year to farm incomes. 
The Commonwealth Government is implementing the Farm Forestry Program to promote 
commercial wood and non-wood production and to integrate commercial tree growing with other 
agricultural land uses. The Commonwealth has allocated nearly $17 million to farm forestry under 
the Wood And Paper Industry Strategy (WAPIS). Under the Natural Heritage Trust, a further 
$41 million over 4 years has been provided to farm forestry (including $19 million from Bushcare, 
the national vegetation initiative). 
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3. The current $2 billion trade deficit in wood and wood products will be converted 
into a surplus. 
4. Up to 40,000 jobs will be created in rural areas, including: 
a) jobs in plantation forestry and logging; 
b) jobs from a 50 per cent expansion in domestic processing of wood products; 
c) jobs in transport; and 
d) jobs from the flow-on effects of overall growth in exports and local processing 
of wood (Vision Implementation Committee 1997, p. 1). 
The following section highlights the main Commonwealth funded tree reforestation 
programs and State programs. 
5.3.1 Commonwealth and States reforestation programs 
In Australia, some tree planting projects can be said to be truly community projects. The 
national tree planting program (DASETT, 1987) and the Greening Australia project 
announced in 1989, has for their objective the planting of one billion trees by the year 
2000. The objectives of these programs are to arrest land degradation and improve water 
quality in creeks and rivers as well as beautification of the landscape. The plantings occur 
mainly on public land in towns and cities all over Australia. These are expressions of 
government belief in the social value of tree planting in Australia. 
Various strategies for tree assistance and cost sharing programs have also been devised in 
the Australian states for planting trees on private land and these are examined in Table 5-2. 
However, these programs cannot be classified as community forestry. 
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5.4 Tree Planting Programs in Queensland 
Commonwealth funded Landcare programs are used extensively in the South East of 
Queensland in a similar way to other states. Queensland has three tree programs which are 
operating at present: the Treecare program, the Community Rainforest Reforestation 
Program and the Mary River Catchment and North Coast Farm Forestry program (DPI, 
Forest Services, 1994). The CRRP is reviewed in detail in Chapter 6. The species of trees 
planted are native and hardwood mixed species, the types of timber in short supply. They 
are expected to be harvested 30 to 50 years after planting. DPI-Forestry assumes 50 years 
for its profitability estimation (DPI, Forestry, 1994, sect.7). 
5.4.1 The Treecare program 
This program is part of the Government Integrated Catchment Management (ICM) 
initiative and places major emphasis on the retention, planning and management of trees 
and their roles in sustainable land management systems (DPI-FS, 1994). The goals of the 
program are: 
a) to maintain and improve the quality of the environment 
b) to promote the role of trees and forests in land management, including the 
encouragement of private and agroforestry resources as a supplement to timber 
supplies 
c) to ensure community awareness of the natural, cultural and economic value of all 
forests (DPI-FS, 1994, sect. 6.3). 
Funding for this program in 1993-94 was $1.86 million. The supply of free and 
concessional trees has supported over 4000 tree planting projects around Queensland over 
the previous 3 years. 
The weakness of the program as perceived by DPI-Forestry is its broad focus on the role of 
trees in ICM, which "does not allow specific development of farm forestry for timber 
production as a major priority, despite growing community demand for support in this 
area" (DPI-FS, 1994, sect. 6.3). 
5.4.2 Mary River catchment / North Coast farm forestry program 
The seed funding for this program was supplied through the Commonwealth Government's 
Farm Forestry Program for a project aimed at stimulating community interests in farm 
forestry in the Mary River catchment. Total funding for the project is $391,000 over two 
years, primarily for publicity, demonstration plantings and an extension program, aimed at 
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developing a farm forestry culture in the region. The Commonwealth contributed 
$217,000 and the DPI and other community groups the balance. 
While landholders' interest has been generated in the region for this program, its 
weaknesses from a timber perspective is its limited short-term funding, lack of on-going 
government support and lack of mechanisms for joint venture arrangements (DPI-FS, 
1994). 
5.5 Summary 
In this chapter, the aim has been to illustrate how cornmunity forestry has developed across 
the world and show through case studies how the concept of community forestry has been 
applied using the definition proposed in the previous chapter. The case studies presented in 
this chapter show clearly that participation in managing forest resources is important but 
that importance is related to the actual rights given to the participants over the resources. 
These rights are management rights and use rights which are given up from an original 
right holder (The State in Nepal, a university in the Philippines) to the users. In Nepal and 
South Korea, there has been a real attempt to shift the control of native forests and new 
plantations away from Forestry departments to the villages. The key to the success of 
community forestry in Nepal is the shift in ownership of forest land from government to 
private users. This new wave of community forestry in Nepal is an important departure 
from the traditional strong-arm protection of forests by the government. The approach of 
involving local people in conservation is proving successful. Before the introduction of the 
concept of community forestry in the late 1980s, Nepalese had no say in the management 
of their nearby forests. The policy and decision makers came to realise that natural 
resources like forests can only be conserved and best utilised if the people themselves 
participate in these efforts and assume some ownership of the resource. The shift to private 
ownership of forest in Nepal has proven to be one of the major factor of the success in 
community forestry in that country. However, private ownership has proved to have the 
opposite impact in India's Kholar district experiment with community forestry. 
In Korea, the success of the fuelwood community forestry program, although successful in 
terms of its objective, is a reminder that other factors must be taken into consideration 
when setting a program and that multi-objectives should be set for a community forestry 
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program, in order for a program to be sustainable, it is particularly important that the trees 
planted and the timber obtained is the product that society will want in 30, 40 or 50 years 
time. Similar demand shifts can occur with low value timber and with cabinet timber. The 
lesson to be learned from this project is that great care must be taken in forecasting demand 
for wood. There seems always a tendency, especially by interested parties, to under-rate 
technological progress and finding closer substitutes for timber in terms of quality and 
appearance, thus reducing the demand for wood. 
In developed countries, while all programs involve landholders, the involvement of the 
landholders is restricted to the sites where trees will be planted and how much land is set 
aside for planting. Forestry projects have historically been designed from top-down by 
forestry agencies which have as their main goal the production of timber. 
In the United States, community forestry is generally closer to the farm forestry concept. 
However, community forestry is developing and the Community Forestry Act (1998) 
could provide the catalyst for a rapid expansion of this form of forestry. An important 
point that should be exploited in the Australian context is in the funding of the forestry 
programs. New forms of subsidisation could be explored, from up-front payments to full 
costs bom by the agencies in the United States and through tax levies on petroleum or 
companies that produce carbon dioxide as by-products or use energy sources that produce 
these by-products. 
In the United Kingdom, the drive for reforestation is to discourage agricultural 
overexploitation of the land caused by subsidisation of agriculture and to decrease the area 
of land used for agriculture. This is in complete contrast to Queensland where increased 
sugar cane quotas in North Queensland has had the inevitable effect of more forested areas 
being cleared. Reforestation in the UK will enhanced landscape appearance and corridors 
for wildlife, especially for bird watching which is a multi-million dollar industry in the 
UK. The whole rationale of government funding for community projects rests heavily on 
the objectives targeted by the projects and the benefits society as a whole is gaining. 
In Canada, the non-profit motive is an important aspect of community forestry. In other 
hand, the projects are expected to run profitably as long-term losses would drain the 
patience of taxpayers. However, an important point is that the profits from the sale of 
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timber and other forest products are redirected to common public facilities (e.g. schools, 
parks). In Australia, The One Billion Trees project is a community project with social 
objectives of employment and restoration of degraded land. This is also the case of the 
recently designed Farm Forestry program. In the programs set up in each Australian 
States, assistance is mainly given for planting commercial tree species, preferably in a 
monoculture system with conditions pertaining to the area which must not be less than 5ha. 
Recent community forestry programs such as the Mary River Catchment forestry program 
and the Treecare program have been criticised by the Queensland DPI-Forestry Services 
for not having enough focus of timber production. Furthermore, these programs are 
plagued by the lack of on-going funding, thus leaving the long term future of these 
programs in jeopardy. These points are also valid for the Community Reforestation 
Program in North Queensland. A better approach to community forestry should be 
adopted using some of the approaches taken by other countries in their community forestry 
programs reviewed in the chapter. The main point of interest is the variety of funding and 
condition which are attached to these overseas programs and therefore may assist in 
implementing community forestry programs in Australia. 
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Chapter 6 
THE COMMUNITY RAINFOREST REFORESTATION PROGRAM: 
FORMATION, GOALS AND ACHIEVEMENTS 
The Community Rainforest Reforestation Program (CRRP) was a joint Commonwealth, 
State and Local government program that addressed the issues of conservation, 
unemployment and future source of high quality timber. In these respects, the CRRP is a 
program that attempted to complement Commonwealth and international obligations that 
were imposed upon local authorities in north Queensland. The CRRP has not only met 
these obligations but also provided landholders with the opportunity to plant mainly native 
trees at low private costs on part of their land that was degraded or not used. The CRRP 
may not have been brought into existence had it not been for the public controversy over 
World Heritage listing of 900,000 ha of rainforests in the Wet Tropics of Queensland. In 
fact, the potential social benefits of the CRRP derive to some extent from the social 
divisions caused by creation of the Wet Tropics of Queensland World Heritage Area 
(WTWHA). 
The CRRP is not only a political reaction to the listing of the Wet Tropics of Queensland 
on the World Heritage Register by the Commonwealth and Queensland governments, but 
also an act of social healing amongst local communities and a program to protect the future 
of their rural environment. 
The program was to have a limited duration of seven years, beginning in the 1992-93 
financial year, but due to lack of sufficient funding, planting ceased in 1996-97. However, 
funding for extension activities and maintenance of existing CRRP plantings continued 
until the financial year 2000-01. 
Section 1 of this chapter provides a description of the CRRP area. Section 2 focuses on the 
formation of the CRRP. Section 3 examines the goals of the CRRP as well as some of the 
achievements of the CRRP during the period 1992-93 to 1994-95 when most of the CRRP 
planting occurred, with no financial costs to landholders. 
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6.1 Description of the CRRP Study Areas 
The CRRP has established tree plantings in two distinct geographical areas. The first area 
includes eight local government areas (LGAs) in the Far North Queensland (FNQ) 
statistical division, plus the Hinchinbrook shire and Thuringowa city, which are parts of the 
North Queensland statistical division, while the second area includes four LGAs situated in 
the Mackay statistical division. 
The main outstanding features of these two areas are the natural assets that both areas can 
offer. The FNQ statistical division in particular has two areas listed the World Heritage 
Register, namely the Wet Tropics of Queensland and the Great Barrier Reef Marine Park. 
The latter extends south to the Mackay statistical division. 
a) Description of the Far North Queensland study area 
This study area extends from Townville to Cooktown and includes 10 LGAs, the locations 
of which are indicated on Figure 6-1. The key part of the study area, on which particular 
emphasis will be placed, consists of the coastal and tableland areas of Douglas, Atherton, 
Mulgrave, Johnstone, Mareeba, Eacham and Cardwell shires, comprising a strip about 300 
kilometres from south of Cardwell to north of Mosman. Two LGAs (Thuringowa1 and 
Hinchinbrook) are parts of the North Queensland statistical division but included in the 
study area. 
On the coastal plain, the soils are predominantly alluvial, changing to Atherton basalt types 
in the western undulating country. On the Atherton Tableland, the Atherton and Central 
parts around Atherton and Malanda are mostly covered by late Cainozoic balsatic lava 
(Broome, 1993). 
Only two landholders in Thuringowa city planted about two ha of trees each under the CRRP in 1993-
1994. 
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At June 1995, the FNQ statistical division had a population of 200,920 and the population 
covered by the local authorities participating in the CRRP was 190,226 (excluding 
Hinchinbrook shire and Thuringowa city which are part of the North Queensland statistical 
division) or 88.4% of the region's population. Only a small proportion (10%) of the North 
Queensland statistical division population of 195,314 is represented in the study area. 
Residential population and population growth rates of the study are indicated in Table 6-1. 
Table 6-1 
Residential population of the study area as at 30 June 1995 
Local authority 
Mareeba 
Douglas 
Johnstone 
Cardwell 
Atherton 
Eacham 
Cook 
Mulgrave / Cairns2 
Herberton 
Hinchinbrook 
Thuringowa 
Total or mean 
Estimated residential 
population, as at 
30 June 1991 
17,032 
7,716 
18,196 
8,352 
9,318 
5,777 
7,489 
92,630 
4,713 
15,501 
5,305 
192,029 
Estimated residential 
population, as at 
30 June 1995 
17,310 
8,883 
19,230 
8,851 
9,942 
5,972 
7,629 
107,458 
4,951 
15,385 
6,603 
212,214 
Average annual 
growth rate from 
1991 to 1995 (%) 
0.41 
3.78 
1.42 
1.49 
1.67 
0.84 
0.47 
4.00 
1.26 
-0.18 
6.12 
2.62 
Source: ABS (1997a). 
The annual population growth of 2.6% does not reflect the stagnancy and even negative 
growth of rural areas in north Queensland. The above average growth experienced in the 
study area is mainly related to employment created in the tourism sector and this strong 
growth is limited to the cities of Cairns, Port Douglas and Thuringowa. Any population 
growth in the rural areas is dependent on employment opportunities. 
In May 1993, the unemployment rate in the region was 11.5% out of a labour force of 
112,100. In May 1994, the rate had fallen to 10% of a labour force of 115.100. The break-
up of the 1994 rate by age of unemployed people is presented in Table 6-2. This table 
reveals the extent of unemployment amongst the lower age groups. 
The Mulgrave shire merged with Cairns City in 1995 to form die Cairns City local authority. 
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Table 6-2 
Labour force and unemployment in the Far North region in 1994 
Age group 
15-19 
19-24 
15 - 24 
2 5 - 4 4 
45 + 
Total or mean 
Labour force 
10,800 
13,000 
23*800 
64,000 
27,300 
115,100 
Number of 
unemployed persons 
3,900 
1,900 
5,800 
4,100 
1,700 
11,600 
Unemployment 
rate (%) 
36.1 
14.6 
24.4 
6.4 
6.2 
10.1 
Source: ABS (1995). 
b) Climate in the study area 
Climate and particularly rainfall is an important factor affecting the rate of growth of trees. 
Under the influence of monsoons, rainfall in the study area ranges from 1500mm to over 
2500mm, with 70% falling from December to March. The winter months are usually dry 
with a pronounced spring drought extending through to early December. During late 
summer, the north-east coast of Queensland is visited periodically by tropical cyclones. 
Summer temperatures increase from south to north with Cairns having 11 months with an a 
mean daily temperature above 21° C. 
Further south of Millaa Millaa, the mean annual rainfall varies from 1425 mm to 3625 mm 
in the north of Atherton. In the Johnstone shire, on the coastal plains rainfall varies 
between 3200mm to 4000mm per year. The high mean annual rainfall in the Wet Tropics 
of Queensland enables the tree growth rates to be two to three times those observed in 
more temperate climates and lower rainfall (Evans, 1992). 
c) Land-use in the North and Far North Queensland statistical divisions 
The main land-use in the FNQ statistical divisions is growing sugar cane. In 1994-95, out 
of 3,102 agricultural establishments in the FNQ statistical division, 1,212 grew sugar cane, 
followed by bananas (272) and maize (113) (ABS, 1997, p. 181). However, sugar remains 
a favorite commodity to most landholders although its value has decreased from a high 
$1000/t in the 1970's to about $300/t currently. The Atherton shire in 1994-95 produced 
6,281 tonnes of peanuts (15% of the state's peanut production). Another 1,030 
establishments carried meat cattle, 225 were dairy farms, 31 carried pigs and eight carried 
sheep and lambs (ABS, 1997, p. 181). 
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6.1.2 Description of the Mackay region study area 
In addition to the LGAs listed above, in 1995 four other LGAs (namely Whitsunday, 
Mackay, Sarina and Mirani) joined the CRRP, and these are included in the study. The 
involvement of these four LGA's was not related to the listing of the Wet Tropics of 
Queensland, but the recognition by these LGAs that the CRRP was a successful model of 
reforestation (Anon., 1995). 
The population of the Whitsunday statistical division has grown at an average of slightly 
above 3% per annum from 1991 to 1995 as shown in Table 6-3. The growth is mainly due 
to tourist resort developments that have created employment opportunities not only for the 
Whitsunday shire but also for Mackay city and the Sarina shire. 
Table 6-3 
Residential population of LGAs participating in the CRRP 
within the Mackay statistical division 
Local authority 
Whitsunday 
Mackay 
Sarina 
Mirani 
Total or mean 
Residential 
population as at 
June 1991 
11,429 
63,557 
8,145 
4,770 
89,892 
Residential 
population as 
at June 1995 
13,190 
69,435 
8,962 
4,921 
98,503 
Average annual 
growth rate 
1991-1995 
3.81 
2.31 
2.51 
0.79 
2.39 
Source: OESR(2002). 
Landuse in the Mackay study area 
Sugar cane in the Mackay statistical division as in the FNQ statistical division is also the 
main agricultural crop. In 1994-95, out of 2,241 agricultural establishments, 1,312 grew 
sugar cane, 105 maize and 35 wheat. Another 1,127 carried meat cattle and 225 milk cattle 
(ABS, 1997, p. 181). 
Sugar cane is produced on an area of 106,200 ha, and in terms of production volume sugar 
cane output in the statistical division represents 31% of the State total cane output. In 
1994-95, sorghum was produced on 78,000 ha and wheat on 16,000 ha. 
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6.1.3 Tourism in the study area 
In both the Far North Queensland and the Mackay statistical divisions, tourism has been 
growing in the past decade. In 1998-99, FNQ tourism contributed $870 M to the gross 
regional product, 'equivalent to 13.8% of the gross state product, making the region the 
third largest contributor to Queensland tourism' (OESR, 2002, p.24). Tourism accounted 
for 17,118 equivalent full-time positions or 16.3% of all full-time equivant positions in the 
FNQ statistical division (OESR, 2002, p.24). Total visitors expenditure was $2064 M in 
1998-99. 
In the Mackay statistical division, tourism contributed $314 M to the gross regional 
product, accounted for 6,239 full-time equivalent positions or 11% of all positions (OESR, 
2002, p. 32). Total expenditure by visitors to the division was $741 M (OESR, 2002, p. 
33). 
6.2 The Partnership of Three Levels of Government in the CRRP 
The CRRP involved the cooperation of the Federal and State governments and until 1995, 
15 Local Authorities (LGAs) with two representatives from each level of government 
serving on the management committee. The lead agency for the Federal government was 
the Department of Primary Industries and Energy (DPIE)3, and for the State government it 
was the Queensland Forest Service (QFS) which was then part of the Queensland 
Department of Primary Industries (QDPI). 
6.2.1 Local Governments Involvement in the CRRP 
As indicated in Chapter 4, large areas of the local government authorities in the North and 
Far North statistical divisions were included in the World Heritage List area in 1988, which 
limited future options for timber management and harvesting. This listing had been 
foreshadowed as far back as 1976 (PA Management Consultants, 1976) and by the then 
Department of Forestry, but for different reasons: 
The Commonwealth Department of Primary Industries and Energy (DPIE) is now renamed 
Agriculture, Fisheries and Forestry Australia (AFFA). 
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In a recent discussion with Department of Forestry officials, the consensus of 
opinion concerning future prospects for logging from forests in the Far North 
was that no growth was likely and there would be a fall, as far as logging and 
virgin wood and regrowth areas is concerned (PA Management Consultants, 
1976, p. 117). 
The Community Rainforest Reforestation Program was initiated by the Chairman of the 
Hinchinbrook Shire who proposed accessing the balance of the Wet Tropics of Queensland 
World Heritage compensation fund. The money was paid by the Commonwealth 
government to compensate Queensland for the timber revenue foregone, including to 
timber mills, contractors and timber workers who lost their employment after the listing of 
the Wet Tropics. 
Local governments commissioned a report by a retired forester, Mr. Shea, into the 
prospects for a cabinet timber industry. Shea identified up to 30,000 ha of land in North 
Queensland which was suitable and potentially accessible for tree planting (Shea, 1992). 
The total area suitable for tree planting identified by Shea from previous surveys , included 
those of Gilmore and Riley (1970), Kent and Tanzer (1983a, 1983b), Tracey (1986) and 
Haste and Dale (1987). 
Some differences of opinion, however, between Tracey and Shea emerge about the 
purposes of tree planting in Far North Queensland. Tracey and Shea held the view that the 
solution to land degradation was tree planting. Tracey viewed a tree planting scheme as a 
means to control erosion and weed infestation, provide a wildlife habitat, protect water 
catchments and provide shade and shelter for cattle as well as provide aesthetic benefits, 
with wood production seen as a bonus (Tracey, 1986, p. 25). In contrast. Shea viewed a 
tree planting scheme as the platform to establishing a timber industry based on high quality 
hardwoods and cabinet woods planted on private land (Shea, 1992). Shea did not consider 
timber a bonus to a scheme, but as the main purpose. 
The concept originated in the Department of Primary Industry in 1983 when the department identified 
36,780 ha of land on the Atherton Tableland more suited to forestry or catchment protection than 
cropping and pastures (Kent and Tanzer, 1983a, 1983b). The need to reforest degraded areas of the 
Atherton tableland had been recognised in a 1970 survey conducted by Gilmore and Riley (1970). In 
1986, Tracey recommended a tree planting scheme involving rural landholders and the Department of 
Forestry, and utilising labour from unemployment schemes. Although the scheme was to complement 
farm activities, it could provide the basis for a 'rejuvenated timber industry' (Tracey, 1986, p. 2). 
Haste and Dale (1987) identified about 18,000 ha of suitable degraded land for tree planting in the 
Ravenshoe area. 
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The Shea recommendations were acted upon immediately after the report's release. The 
mayor of the Douglas Shire sent a written submission to the other North and Far North 
Queensland local government authorities. This submission contained a proposal to create a 
program that would offer opportunities for employment, arrest land degradation and 
encourage the renewal of a timber industry in the region. The proposal was accepted for a 
seven-year reforestation program and implemented through the cooperation and 
coordination of a range of decision-making bodies at the Federal, State and Local 
government levels. Some of the recommendations on how the scheme would operate, 
however, were not implemented by the councils, in particular the enactment of a by-law 
applicable to the scheme. Shea (1992, p. iv) recommended that the by-law would have 
three general provisions: 
a) an 'as of right' use to permit commercial production of trees planted under the 
scheme; 
b) a provision that areas where trees harvested under the scheme must be replanted; 
c) the provision for penalties (repayment of expenditure plus interest) as stipulated in 
the share-farming agreement in the case of wilful destruction or damage to the 
plantations caused by negligence (Shea, 1992, p. v) (italics mine). 
Only the first of these provisions was adopted by the councils. The reason may be that 
general community support would not have been forthcoming or public consultation would 
have postponed the implementation of the scheme. 
A question is why the Shea report was so quickly acted upon. The answer is that the report 
was used as a justification, not as a decision-support document. The following sections 
provide the perspective of the Commonwealth and State governments, whose involvement 
were crucial to the implementation of the scheme. 
6.2.2 Commonwealth government involvement in the CRRP 
The Commonwealth government became involved in the funding of the CRRP in 1993 
because the program was consistent with its employment policy. The CRRP was 
particularly consistent with the then newly implemented Landcare and Environment Action 
Program or LEAP (a labour program for young unemployed people introduced in 1992)5. 
This idea of using labour from unemployment programs in forestry had been foreshadowed 
The Commonwealth government decided to cut dus program by 80% in 1996-97 on the ground that 
this 'scheme was too expensive with generally low positive outcome. The opposition estimated that 
this move will deny community-based environment projects an estimated S240m over 1996-97 and 
1997-98'(Anon. 1996, p.2). 
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by Tracey (1986). However, no relevant local unemployment programs existed in 1986, 
but by the time the Shea report was released, LEAP had just been implemented and money 
had just been released to the State as compensation for listing the Wet Tropics of 
Queensland on the World Heritage register. From the Commonwealth's point of view, the 
scheme was therefore timely and politically beneficial after the opposition by the 
Queensland Government to the listing and the amount of compensation payable. 
6.2.3 Queensland government involvement in the CRRP 
The Queensland government had slightly different reasons to agree to the Shea consultancy 
report. Agreement by Queensland to the National Forest Policy Statement in 1992, 
coupled with the pressing needs by Queensland to secure its future hardwood timber 
supplies and to calm the continuing anger from loggers and a section of the community in 
north Queensland, were factors that influenced the Queensland government to accept the 
report. 
The Queensland Department of Primary Industry - Forestry (DPI-Forestry) became the 
agency contributing to the day-to-day operation of the program and administering the 
funds. The presence of DPI-Forestry representatives on the board of the CRRP meant that 
the State had some control over the management and some influence over the future 
direction, of the CRRP. 
6.3 Goals of the CRRP 
The stated aims of the CRRP are to achieve four interrelated objectives, viz. develop a 
private plantation timber resource, arrest degradation of land following extensive 
inappropriate clearing, improve water quality in rivers and streams, and train a workforce 
to support rainforest plantation establishment (CRRP Management Committee, 1993). 
These goals are elaborated upon in the following sections 
6.3.1 Development of a private plantation timber resource 
The listing of the Wet Tropics of Queensland affected the potential development of large 
areas in each local authority involved . The greatest impact as perceived at the time was 
the the closure of timber mills in the region and the increase in unemployment. One of the 
Mackay, Mirani, Sanna and Whitsunday local government authorities are not pan of the North 
Queensland statistical division and were not directly affected by the listing. 
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goals of the CRRP as recommended by Shea (1992) was to re-create a timber industry for 
the future employment prospects and revenue accruing in the region by the year 2030. To 
achieve this goal, Shea recommended the planting of '30,000 ha per year over a thirty years 
period' (Shea, 1992, p. 42) or 1000 ha/year. Between 1992-93 and 1994-95, l,142ha of 
trees were planted in the CRRP. 
The survival rate of the trees planted has so far been promising. A 87% survival rate over 
the three years is comparable or better than the survival rate of trees in monoculture 
plantations. However, it will take many years to know if the planting in terms of timber 
quality is acceptable to mills. A breakdown of areas planted in each LGA, by year and 
number of trees planted with the number of landholders in the CRRP, is presented in 
Tables 6-4 to 6-6. Table 6-7 summarises the CRRP plantings from 1992-93 to 1994-95. 
The number of landholders joining the program increased from 82 in 1992-93 to 163 in 
1994-95 and to 202 in 1994-95. Table 6-7 reveals that the average area planted by 
landholders is 2.85 ha and that Eacham, Hinchinbrook and Johnstone were the LGAs with 
most landholders participating in the planting program. 
Table 6-4 
Area planted, number of trees planted, planting density, number of 
landholders and average size plantation in the CRRP, 1992-1993. 
Shire Area Number of Planting Number of Average area 
planted trees density landholders size of 
(ha) planted (trees/ha) plantation (ha) 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave 
26.10 
46.40 
14.30 
29.90 
44.10 
29.00 
36.30 
20.60 
19.50 
18,233 
30,624 
8,540 
18,462 
29,605 
12,482 
24,311 
13,871 
11,935 
699 
660 
597 
617 
671 
430 
670 
673 
612 
12 
9 
6 
14 
13 
7 
8 
7 
6 
2.18 
5.16 
2.38 
2.14 
3.39 
4.14 
4.54 
2.94 
3.25 
TOTAL 266.20 168,063 631 82 3^25_ 
Source: CRRP Committee Annual Report (1993). 
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Table 6-5 
Area planted, number of trees planted, planting density, number of 
landholders and average size plantation in the CRRP, 1993-1994 
Shire 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave 
Thuringowa 
Cook 
Total 
Area 
planted 
(ha) 
56.65 
32.60 
19.64 
91.60 
50.15 
62.42 
37.09 
31.32 
30.78 
4.00 
20.56 
436.81 
Number of 
trees 
planted 
38,156 
22,473 
17,753 
63,589 
39,968 
37,535 
26,580 
19,002 
19,244 
2,529 
12,019 
298,848 
Planting 
density 
(trees/ha) 
674 
689 
904 
694 
797 
601 
717 
607 
625 
632 
585 
684 
Number of 
landholders 
19 
12 
9 
34 
16 
28 
13 
9 
11 
2 
10 
163 
Average area 
size of 
plantation (ha) 
2.98 
2.72 
2.18 
2.69 
3.13 
2.23 
2.85 
3.48 
2.80 
2.00 
2.06 
2.68 
Source: CRRP Committee Annual Report (1993-1994). 
Table 6-6 
Area planted, number of trees planted, planting density, number of 
landholders and average size plantation in the CRRP, 1994-1995 
Shire 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave/cairns 
Thuringowa 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
Total 
Area planted 
(ha) 
36.76 
27.62 
11.29 
72.89 
26.83 
65.21 
52.40 
31.60 
21.24 
0.00 
8.50 
24.10 
27.27 
15.15 
18.38 
439.24 
Number of 
trees 
planted 
37,567 
22,473 
8,378 
59,379 
20,443 
45,281 
40,057 
23,023 
16,594 
0 
6,038 
18,972 
20,182 
9,888 
13,145 
341,420 
Planting 
density 
(trees/ha) 
1,022 
814 
742 
815 
762 
694 
764 
729 
781 
0 
710 
787 
740 
653 
715 
777 
Number of 
landholders 
17 
11 
9 
41 
18 
24 
22 
10 
6 
0 
7 
10 
11 
7 
9 
202 
Average area 
size of 
plantation (ha) 
2.16 
2.51 
1.25 
1.78 
1.49 
2.72 
2.38 
3.16 
3.54 
0.00 
1.21 
2.41 
2.48 
2.16 
2.04 
2.17 
Source: CRRP Committee Annual Report (1994-1995). 
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Table 6-7 
Area planted, number of trees planted, planting density, number of 
landholders and average size plantation in the CRRP from 1992 to 1995 
Shire 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave 
Thuringowa 
Cook 
Area 
planted 
(ha) 
119.51 
106.62 
45.23 
194.39 
121.08 
156.63 
125.79 
83.52 
71.52 
4.00 
29.06 
Number of 
trees 
planted 
93,956 
75,570 
34,671 
141,430 
90,016 
95,298 
90,948 
55,896 
47,773 
2,529 
18,057 
Planting 
density 
(trees/ha) 
786 
709 
767 
728 
743 
608 
723 
669 
668 
632 
621 
Number of 
landholders 
44 
28 
18 
83 
35 
52 
41 
25 
18 
2 
15 
Average area 
size of 
plantation (ha) 
2.72 
3.81 
2.51 
2.34 
3.46 
3.01 
3.07 „ 
3.34 -
3.97 
2.00 
1.94 
Subtotal North 
Mackay 
Mirani 
Sarina 
Whitsunday 
Sub-total Mackay 
Total 
1057.35 
24.10 
27.27 
15.15 
18.38 
84.90 
1142.25 
746,144 
18,972 
20,182 
9,888 
13,145 
62,187 
808,331 
706 
791 
776 
659 
730 
732 
709 
361 
11 
12 
7 
9 
39 
400 
2.93 
2.18 
2.17 
2.14 
2.00 
2.17 
2.85 
The success of the scheme in terms of landholders' participation was without parallel in 
Queensland. The demand for participation was so high that the CRRP had to prioritise its 
plantings. In 1994-95, a large portion of the limited amount of funding went into 
administration and maintenance of previous years planting. Yet, the level, of planting in 
that year was maintained to the 1993-94 level. 
In terms of area planted, the goal of 1,000 ha/year was not achieved, because the level of 
funding did not permit such a goal. Table 6-4 reveals that the area planted in 1992-93 was 
lower than in the following two years. The reason is that planting began only mid-year. 
The average area planted by landholders in that year (3.25 ha) was higher than the 
following years (2.68 ha in 1993-94 and 2.17 ha in 1994-95) because in the first year, the 
CRRP had difficulties in attracting landholders and had to plant larger areas. In the 
following years, more landholders wanted to have trees planted under the CRRP, but the 
average area planted was smaller. 
In mid-1995, changes were made to the CRRP rules. The restriction of planting more than 
5ha on an individual property was relaxed and areas of 20ha or more were planted. 
101 
However, while previously participants who until then did not have to contribute 
financially, a charge of $50/ha was introduced in 1995-96, increasing to $250/ha in July 
1996 and to $500/ha in 1997. In 1997, planting ceased. The number of tree species mat 
could be planted during the 1992-93 to 1994-95 period was reduced from about 165 tree 
species to about 50 tree species. While the number of species was still high, the restriction 
to mainly Eucalyt species would have reduced the number of landholders participating in 
the scheme, especially when they had to contribute financially. After 1995, interest of 
landholders in the modified program waned, partly because of these changes and partly 
because of the uncertainty of the program funding. Since 1998, the CRRP has existed only 
as an extension service. 
6.3.2 Training and employment goals 
In 1992-93, the program employed and trained 50 LEAP placements and 10 supervisors. In 
1994, 220 LEAP placements, 17 Job Start placements, 17 General Forest Workers and 21 
Field Supervisors were employed and trained. In 1995, 237 LEAP trainees and 27 REEP 
participants worked through the program. Based on an assessment of three months after 
completing training, ' 6 1 % of trainees found permanent work or enrolled in further studies' 
(NQPJB, 1995, p. 8). The scheme has therefore been successful in achieving the goal of 
employment for young people. LEAP trainees have been between 15 and 20 years old. 
The inexperience of the workforce contributed to the under-achievements of the planting 
goal mentioned in the previous section. It may be that the initial goal of 1,000 ha per year 
was too optimistic given the available resources. Only 27 people were displaced workers 
employed in the scheme. 
A special scheme, the Wet Tropics Tree Planting Scheme, was 'originally formed to re-
train and give employment to workers facing redundancy because of the World Heritage 
rainforest areas and the consequent cessation of logging' (NQAFJB, 1995, p. 9). This 
scheme was complementary to the CRRP because it focused on the environmental aspects 
of tree planting on Crown and private land. The focus of that scheme was to 'repair and 
recreate (on a regional basis) rainforest on Crown and private land' (NQAJB, 1995, p. 9). 
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6.3.3 Arresting land degradation and improvement of water quality 
These two goals are important social goals, but the success of the CRRP in terms of these 
goals is more difficult to determine. For example, water quality may be improved or may 
deteriorate with the planting of trees on rivers and creek banks. Some authors believe that 
fertilisers applied to trees have an adverse impact on water quality (e.g. Reinhart 1973). 
This argument is, however, based on industrial scale monoculture of trees. Monoculture of 
trees on intensive plantations requires a large amount of fertilisers which might have the 
same negative impacts as fertilisers used for any other monoculture crops used in 
agriculture. One negative impact of fast rotations of trees can be depletion of soil nutrients 
except that it will take a longer time span (relative to agricultural crops) to find out 
(Heilman and Geissel, 1963; Stone and Kszystyniak, 1977). The CRRP overcomes this 
potential criticism because generally the plantations are of mixed tree species, of local 
origin for most species, and staged-harvesting over 50 years is assumed to be practiced by 
the landholders. 
In terms of land degradation, trees planted on slopes arrest soil erosion. In the high rainfall 
areas, the soil is protected from the direct drops of rainfalls by branches, which leads to less 
soil compaction compared to bare soil or a soil with agricultural crops in the tropics. The 
soil also gains nutrients from the decomposition of tree leaves and branches. Wildlife 
which is attracted to the presence of trees add to soil nutrients with their waste. 
6.4 Summary 
In this chapter, a description of the study area and its population was undertaken. A large 
proportion of the study area was originally covered with tropical rainforests which were 
cleared for pasture and agriculture. The main crop of both the Far North region and the 
Mackay region is sugar cane. Landholders earn their income from sugar within the same 
year of planting the crop. Clearing of tropical rainforests rather than reforesting is therefore 
perceived to be in their financial interest in the short term at least. 
The CRRP was borne out of the will of local government authorities to overcome the 
potential timber shortage and the prospect of unemployment increasing as a consequence of 
the World Heritage listing of the Wet Tropics of Queensland. The listing led to a reduction 
in timber harvest in the protected area. 
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Of the CRRP's four objectives, timber harvest, employment and re-creation of a timber 
industry in the region are designed to overcome the impacts of the listing. Arresting land 
degradation and improving water quality are conservation objectives. 
As at June 1995, only 400 landholders plus organisations had planted trees under the 
scheme and only 1,100 ha had been planted, and although this is far short of the target of 
1,000 ha per year recommended by Shea (1992), the funding was inadequate to reach this 
target. However, the survival rate of the trees planted has been so far promising, although 
it will take many years to know if the planting in terms of timber quality is acceptable to 
mills. 
Over 60% of young people after they completed training in the CRRP have gained 
subsequent employment and some have gone into further education programs after training 
and working in the CRRP. This seems to imply that the scheme instilled self-confidence 
into young people in a region where youth unemployment in the 15-19 age group is 
particularly high. 
The CRRP has been assessed in this chapter in terms of its achievement against each broad 
objective. However, a more detailed analysis of the CRRP requires an economic 
evaluation of the scheme and what the objectives and priorities set by the LGAs and the 
priorities and objectives of landholders were. 
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Chapter 7 
LOCAL GOVERNMENT PERCEPTIONS OF THE BENEFITS AND 
COSTS OF PLANTING RAINFOREST TREE SPECIES IN THE 
QUEENSLAND WET TROPICS 
The purpose of this chapter and the following chapter is to assist in ranking the main 
benefit and cost categories of the CRRP to be evaluated in dollar terms and included in the 
cost-benefit analysis. 
To estimate in dollar terms all the benefits and costs of reforestation would have been 
excessively time consuming and therefore it was necessary to prioritise these benefits. 
Rather than subjectively rank the benefits, the approach adopted has been to elicit from the 
two main groups of stakeholders - the local government authorities and the landholders -
what benefits and costs were perceived to be most important to them in the Community 
Rainforest reforestation Program (CRRP). This chapter deals with the attitudes of local 
government authorities. This group of stakeholders developed the CRRP and set the 
objectives of what the CRRP should be and how the CRRP would work. The LGAs have 
therefore an important stake in the program success or failure. In June 1995, a 
questionnaire was developed and a survey conducted in north Queensland amongst the 14 
Local Government Authorities (LGAs) then involved in the CRRP. 
The chapter examines and discusses the results of the survey of Local Government 
Authorities (LGAs). The first section of this chapter describes the survey method. Section 
2 describes the population of the study area and in the following section, the survey method 
is then described. Section 4 presents the survey results. In Section 4 presents and 
discusses the survey results and in Section 5, the implications of the survey results for the 
CRRP are drawn. 
7.1 Target Population and Structure of the Survey 
Given that the respondents (the 14 mayors representing the LGAs) were the whole 
population and the population was small in size, no survey analysis package was necessary. 
Ten mayors completed the questionnaire (a 70% response rate). The questionnaire was 
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developed and shown for comments to members of the CRC-TREM1 team. The author 
made appointments with the respondents by telephone to set up face-to-face interviews 
using a prepared questionnaire. The questionnaire was mailed to LGAs in the Mackay 
region because of the long distances involved from Townsville where the author was based 
for one week to conduct the survey. 
Replies were not received from four LGAs, including the city of Cairns in spite of three 
follow-ups. Cairns merged a few months later with the shire of Mulgrave. Three others -
the shires of Sarina, Mirani and Whitsunday - were represented by the mayor of the city of 
Mackay. The mayors of Sarina and Mirani later completed the questionnaire and it was 
found to be more appropriate to count each of the shires. Respondents wished to remain 
anonymous and therefore individual responses obtained in the survey are not attributed a 
source (name or respondent or name of shire). 
7.2 The Survey of Mayors of the CRRP Local Government Authorities 
The 14 Local Government Authorities (LGAs) involved in the CRRP survey were: 
Cardwell 
Hinchinbrook 
Thuringowa 
Whitesundays 
Herberton 
Eacham 
Johnstone 
Mackay 
Mareeba 
Douglas 
Cairns 
Mirani 
Atherton 
Cook 
The respondents were all mayors with many responsibilities. While this survey sought 
their opinions on the CRRP, their personal views were generally backed from a direct 
knowledge of the program. Most were members of the North Queensland Afforestation 
Program Joint Board (NQPJB) and the ones who were not kept close contact with their 
delegate on the Board. The support for the program was apolitical. To what extent the 
personal views of the mayors differ from those of other Council members is unknown, but 
without their personal support the CRRP would not have existed. 
CRC-TREM stands for the Cooperative Research Centre for Tropical Rainforests Ecology and 
Management. In December 1999, the name of this CRC was changed to 'Rainforest-CRC. Members 
of the team who reviewed the survey included Dr Harrison from the Department of Economics, 
University of Queensland and Dr Herbohn from the Department of Finance, James Cook University, 
Townsville. 
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7.3 Structure of the Questionnaire 
The questionnaire is presented in Appendix C and has four main sections. The first relates 
to the CRRP's objectives, its achievements, and the changes which could be made to 
improve the scheme or build upon these achievements. The second section seeks the views 
of the respondents about the relationship between the CRRP and the Wet Tropics of 
Queensland World Heritage Area (WTQWHA). The third section seeks to determine what 
were perceived as the main benefits and costs of the program from the point of view of the 
LGAs representatives, while the last section is designed to clarify the issue of timber 
harvesting rights. 
7.4 Results from the Survey of Mayors the CRRP Local Government Authorities 
In this section, the answers to each question are reported. 
7.4.1 CRRP's objectives, achievements, appraisal and expectations 
The four goals of the CRRP which were stated as equally important "by the CRRP 
Management Committee (1993, p. 1) were the following: 
1 Developing a private plantation timber resource; 
2 Arresting degradation of land following extensive inappropriate clearing; 
3 Improving water quality in rivers and streams and; 
4 Training a workforce to support rainforest plantation establishment. 
The first question was designed to elicit from respondents whether these goals were in fact 
equal in their view. 
Question 1: "With respect to the problems confronted in your shire, do you agree or 
disagree that the above goals are of equal importance? " (eg. some goals of the CRRP may 
not be an issue in your shire). 
Eight respondents agreed that the goals were of equal importance while two respondents 
did not agree. 
Question 2: If you disagree in Question 1 that the four goals are equal in importance, 
please rank the goals of the CRRP by order of importance to your shire (I = highest, 4 = 
lowest) 
The ranking common to both respondents was, in descending order, (1), (4), (2) and (3). 
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These responses were provided by original shire members of the CRRP as distinct from the 
shires who joined latter, and probably reflect the priorities which exist in these shires. 
While this seems in conflict with the CRRP's stated objectives that the four goals are of 
equal importance, the fact that eight respondents who judged the goals to be equally 
important may be interpreted as meaning that these respondents: 
(i) personally believed the goals to be of equal importance; 
(ii) providing politically correct answers; 
(iii) did not want to be perceived as disagreeing with their own scheme objectives, 
(iv) wished to keep their options open; 
(v) wished to make sure that landholders keep joining the scheme under any of these 
goals; and 
(vi) considered that planting trees is the objective and any of the above reasons for 
planting is legitimate under the scheme. 
Question 3: The shires initiated the program. Do you believe that the scheme, 2 years 
after its implementation, is achieving the goals that you believe are important to your 
shire? 
Yes No Unsure 
50% 40% 10% 
Only half the respondents believed that the program was achieving the goals set for their 
shire. It must be kept in mind that the program was implemented hastily and that the way 
in which respondents judged success may have differed. For instance, some may judge 
success of the scheme in terms of the number of landholders joining the program and in 
terms of resources made available to respond quickly to this demand, rather than to 
program achievements. Problems associated with obtaining seedlings, LEAP workforce 
and machinery on location could have been perceived as failures in achieving the goals. 
Question 4: If you have answered "No " to Question 3, can you list the factors which have 
impeded or retarded the outcome that you expected? 
The five respondents who had answered "No" in Question 3, all provided different reasons 
for their views why implementation of the program was not up to their expectations. 
Reasons given were: 
(i) because of remoteness, there was no planting done in the first planting season; 
(ii) lack of landholders joining the schemes. Reasons for lack of interest included: 
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a) lack of recognition by farmers that native timber trees are a sound investment, 
b) possibility of not being able to harvest, 
c) lack of information on financial models, 
(iii) plots are too. small for future timber production; 
(iv) program driven by area per annum planted, not by quality of planting; 
(v) future timber industry not assured, if harvesting rights are not established; and 
(vi) the community would have benefited more from the CRRP if training had been 
carried out locally (in the shire). 
It seems that after two years, some LGAs still had problems in recruiting landholders to the 
program, while others could not keep up with the demand. The sources of these 
differences between shires that had problems in recruiting landholders and those shires that 
had a waiting list of landholders, may be in the marketing of the scheme in each LGA2. 
For example, in the Cook shire, no planting was undertaken in 1992-93, because of the 
remoteness of the shire from Atherton where the administration of the scheme was located 
at the time. However, landholders joined the scheme in this shire in subsequent years (as 
reported in Chapter 6). Landholder participation was lowest in the Hinchinbrook LGA 
where only two landholders planted trees under the CRRP from 1992-93 to 1994-95. 
Question 5: The CRRP is a unique forestry program in many ways. For instance, the 
CRRP has multiple objectives, the trees planted are essentially rainforest species and the 
plantations are of mixed species. Do you agree that rainforest mixed species plantations 
are the only way to achieve the stated objectives? 
Yes No Unsure 
50% 40% 10% 
Question 6: If you have answered "No " to Question 5, do you believe that monoculture 
plantations or pine plantations would have better achieved the priorities thai you have 
listed in Question 1 ? 
Yes No Unsure No answer 
0 50% 25% 25% 
For instance, no maximum area for planting was given but the average area of planting was less than 3 
ha per landholder. After 1995, die area restriction was eased, but the number of tree species to choose 
from was reduced from over 140 tree species down to about 50. This may have discouraged some 
potential participants. 
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Of the four of respondents who answered "No" in Question 5, two did not believe that 
monoculture plantations would have better achieved the goals listed in Question 1. 
Monoculture was definitely not the preference of the LGAs. 
7.4.2 Responses relating to the CRRP's relation to the Wet Tropics of Queensland World 
Heritage area. 
The CRRP was initiated as a consequence of the inscription of the Wet Tropics of 
Queensland to the World Heritage list (Berwick, 1994). The purposes of Questions 7 to 11 
were to find out if the listing of the Wet Tropics of Queensland had some impacts (a) on 
the volume of timber logged in the individual shire (Question 7); (b) in providing social 
cohesion between conservationists and loggers; and (c) on tourism (Questions 8 and 9). 
Questions were also designed to explore whether these impacts had been softened by the 
CRRP (Question 10), and if the CRRP had attenuated any impacts the respondents had 
listed (Question 11). The purpose of Questions 12 and 13 was to classify costs and 
benefits of me CRRP in order of importance. 
Question 7: Queensland is currently importing timber from overseas and interstate; has 
World Heritage listing of the Queensland Wet Tropics affected the volume of timber logged 
in your shire? 
All respondents answered "Yes". Even though in some shires, no logging was,taking place 
on Crown Land prior to listing, after listing logging also ceased on private properties which 
became part of the WHA. Also, it was pointed out by some LGA representatives surveyed 
that some timber mills (such as Bloomfield mill) had closed, thus increasing 
unemployment. For two LGAs, it was asserted that thousands of hectares of native forests 
were cleared on private properties in 1987 to avoid listing. 
Question 8: North Queensland has been experiencing a substantial increase in tourism 
in the past five years. Do you believe that the World Heritage listing of the Queensland 
Wet Tropics has: 
(a) been a major factor for the increase in tourism? 
(b) been a minor factor for the increase in tourism? 
(c) had no impact? 
(d) unsure? 
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Two of the respondents said the listing had a major impact on tourism, five said the listing 
had a minor impact, two said there were no impacts while one was unsure, These 
responses reflected the geographical proximity of the shires to protected areas. The 
conservation of rainforests is a major factor for attracting tourists in the Douglas and 
Mulgrave shires while there has been no impact on tourism in the Mackay and Mirani 
shire. 
Question 9: If you have answered 'Yes' to Question 7 or/and (a) or (b) in Question 8, 
how has World Heritage listing specifically affected your shire? 
The frequencies of responses for the impacts are presented in Table 7-1. 
Table 7-1 
Impacts of World Heritage listing of the Wet Tropics in the shires surveyed 
Nature of the impact Number of 
mentions 
Reduction of timber from native forests in the area listed 8 
Community impacts (e.g. social unrest caused by die listing) 7 
Labour market relied on timber from native forests listed as WHAs in the shire 6 
There was (is) a strong timber processing industry in the shire that is affected 3 
Little impact because the main source of timber was private 3 
Increase in tourism directly linked to the listing 3 
Supply was provided from other shires but processing was in the shire 2 
The main source of timber is from QFS plantations 2 
Labour market relied on tourism 1 
WHL caused more destruction than protection prior to listing due to ^discriminate 1 
clearing through fear 
It is notable the impact of World Heritagelisting on the supply of timber was ranked first by 
six of the eight mayors who listed this impact, and second and third by the other two 
mayors. 
Community impacts were also highly ranked. Seven out of the 10 respondents listed 
'social unrest' as a major consequence of the listing. Six out of the 10 respondents 
mentioned the negative impact of the listing on the demand for labour. 
Question 10: To the extent that World Heritage listing of the Wet Tropics had negative 
impacts for your shire, do you believe the CRRP has softened these impacts? 
Three respondents believed the CRRP had softened the negative impacts of the listing of 
the Wet Tropics while five disagreed and two were unsure. 
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Question 11: What have been the effects, if any, of the CRRP in your shire? 
This open-ended question was designed for the respondents to elaborate further on their 
answers from Question 10. Some respondents elaborated by observing that the CRRP 
scheme came too late to soften the negative impacts. One respondent made the observation 
that the scheme was initiated as a reaction to the listing of the Wet Tropics. This 
respondent's view was that the scheme should have started before the listing so as to 
provide more confidence to the communities. 
The main impacts of the CRRP are summarised in Table 7 -2. One respondent held the 
view that all the banks of the major streams of the shire should be planted with trees from 
source to mouth within a 20-meter buffer and should be zoned for this purpose. This could 
affect many landholders and their land values, because it would take away from them the 
property rights to use their land as they see fit. 
Table 7-2 
Main impacts of the CRRP 
Main impact of the CRRP1 Mentions 
Creating a timber industry and jobs in the future 8 
Filling the void created by the loss of the timber industry in the shire 2 
Developing more awareness amongst landholders of the benefits of tree planting 1 
1
 Some respondents gave more than one answer to this question " 
While the answers are somewhat varied, five respondents believed that the main impact of 
the CRRP will be the creation of a timber industry in their shire or in their region. The 
CRRP has also been viewed by one respondent as a platform to create awareness of the 
benefits of tree planting in their shire. The CRRP was promoted in the local newspapers, 
local radio stations and by personal visits from DPI - Forestry officers and by mail. 
7.4.3 Ranking of market and non-market benefits and costs of the CRRP 
Questions 12 and 13 relate to ranking of the market and non-market benefits as well as the 
costs of the CRRP. 
Question 12: The following question relates to the market and non-market benefits of the 
CRRP. The list of benefits is relatively long but not exhaustive. However, it would be 
helpful to find out what you perceive as the most important benefits of the scheme for your 
shire. 
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A list of 18 potential benefits was presented to the LGAs representatives, who were 
requested to rank them in order of importance. Only two respondents listed and ranked all 
the benefits while one respondent ranked some benefits as of equal importance, thus being 
consistent with Question I which asked respondents if the stated goals of the CRRP were 
of equal importance. Typically, others ranked only their top six or seven major benefits. 
Frequencies of responses to each benefit and mean rankings are reported in Table 7-3. In 
this table, benefits are ordered by mean rank. Benefits were presented in the questionnaire 
as a list numbered one to 18 and the first column refers to this benefit number. 
Table 7-3 
Ranking of potential benefits of the CRRP 
Benefits Benefit category 
No. 
18 Sustainable supply of timber for future generation 
11 Increased employment prospects in the shire 
5 Community cohesion through employment scheme 
4 Ecotourism 
13 Establishment of other businesses relying on timber 
2 Improvement of water quality 
16 Increased awareness of environmental issues 
9 Increase land values and bank credit rating to landholder 
6 Decreasing the greenhouse effect 
17 Education of landholders in forestry 
1 Improvement of soil 
12 Establishment of nurseries (large suppliers of seedlings) 
7 Decreasing costs of pollution and sedimentation in water streams 
(i.e. anti-pollution devices not required) 
8 Fish revenue increase 
15 Research benefits of die scheme (mixed species planting) 
10 Future decrease of timber imports (reduce national deficit) 
14 Potential emergence of small businesses 
3 Increase biodiversity 
Some benefit categories are overlapping. For example, sustainable supply of timber and 
future decrease in timber imports. However, the latter benefit is a national benefit while 
the first is a local economic benefit. While both benefits received nine mentions, the mean 
rankings reveals clearly that 'sustainable supply of timber for future generations' in the 
shires was more important. Similarly, decreasing 'improving water quality' is more 
important than 'costs of pollution and sedimentation in water streams' because except for 
Cairns or Mackay, many shires do not face high water treatment costs for drinking water. 
However, improving water quality to a recreational standard for swimming and fishing 
purposes were more important at the time of the survey. 
Number of 
mennons 
10 
9 
5 
4 
6 
5 
S 
4 
2 
8 
4 
6 
3 
2 
8 
9 
7 
^ 
Mean 
rank 
3.2 
3.4 
4.4 
4.4 
4.5 
5.0 
5.1 
5.5 
5.5 
6.1 
6.3 
6.8 
7.0 
7.0 
7.1 
7.5 
8.1 
9.3 
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Specific environmental benefits such as improvement of soil and water quality, increased 
biodiversity, decreased greenhouse gas impact and decreased costs of pollution attracted 
only three to four mentions. The lack of support for these items may be interpreted as that 
they were too difficult to link with the program. For instance, the difference that the CRRP 
would have on the greenhouse effect would be unnoticeable, and it would be difficult for 
anyone not in the industry to notice an increase in fish revenue and relate the increase to the 
CRRP planting. 
The high ranking of "potential emergence of small businesses" is surprising since the small 
businesses mentioned here rely on secondary forest products such as honey, medicinal 
remedies and mushrooms. More frequent mentions would have been expected by the 
author for establishment of nurseries and other businesses relying on timber (e.g. cabinet 
making); both attracted only six mentions with mean ranks of 6.8 and 4.5 respectively. 
The answers ranked one and two - sustainable supply of timber for future generation and 
increased employment prospects - are consistent with answers provided to Question 9. 
Others benefits mentioned previously as important such as community cohesion attracted 
five responses with a mean ranking of 4.4. 
Question 13: The following list relates to potential social costs of the CRRP and other 
factors, which may impede success. Can you rank by order of importance the costs, which 
may hinder the program's success? (1 has the highest detrimental impact) 
The costs that may impede the program's success fall into two broad categories, 
availability of funds for the program and costs to landholders. The first category involves 
necessary costs: without funding the program will cease to exist. From the mayors" 
viewpoints, the available funds must therefore be used efficiently in planting as many trees 
as possible. The second category relates to costs that landholders have to bear and may 
constrain them from joining the program. If landholders did not join, then the program 
would fail. More importantly, if financial and physical assistance were not provided, then 
landholders would definitely not plant trees on the scale required to create a timber industry 
in the region. A ranking of costs is reported in Table 7-4. 
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Table 7-4 
Ranking of costs of the CRRP 
Costs categories 
Training costs of LEAP scheme workers 
Overhead costs of administering the CRRP 
Salaries of QFS workers for time spent on program 
Taxation of income derived from timber sales 
Forestry research costs directiy associated with die CRRP 
Costs of seedlings or acquiring them from private nurseries 
Plantation areas becoming an habitat for feral animals 
Number of 
mentions 
7 
8 
10 
8 
9 
8 
7 
Mean rank 
2.1 
2.5 
3.0 
3.6 
3.7 
4.1 
5.1 
Most of the costs listed in Table 7-4 are borne by the Commonwealth and State 
governments. Taxation is an impediment that deters landholders from planting in general 
because averaging income from harvest is not allowed. In order to be eligible for tax 
deduction, the landholders' tree plantation have to qualify as primary production, else 
deduction of expenses is not allowed under Section 17 (1) of the Valuation of Land Act 
(Commonwealth). The Department of Lands does not have any financial guidelines 
regarding rainforest timber plantations whereas a Hoop Pine plantation is acceptable 
primary production. Smorfitt and Berry (1997) analysed how capital gains tax influences 
ladndholders' decisions to dispose of timber. As expected with tax matters, the decision to 
dispose of trees depends of the individual circumstances of the landholders. 
Section 17 (1) of the Valuation of Land Act (Commonwealth) states three criteria for tax 
allowance as primary production, namely 
(1) The business or industry represents the dominant use of land 
(2) Has a significant and substantial commercial purpose or character 
(3) Is engaged in for the purpose of profit on a continuous or repetitive basis. 
Most landholders in the CRRP, whose main land-use is agricultural or pastoral, would not 
meet these criteria (CRRP Committee, 1995), thus criterion (1) is not fulfilled. The area 
being planted per landholder is small, averaging 2.85 ha (failing the criterion of 
significance) and the commercial purpose is not clear (not substantial), thus not satisfying 
criterion (2). Planting under the CRRP may satisfy criterion (3). However, if landholders 
were to sell timber only as a means to increase income (which would not be continuous) 
during retirement or to average income when the main activity of the landholder has not 
been profitable (which would not be repetitive), criterion (3) may not be satisfied. 
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The Commonwealth government together with LGAs, landholders and all the states is 
reviewing that legislation and in particular the tax provisions relating to planting native 
trees. 
Another cost perceived by the mayors as important is the cost of damages to crops caused 
by feral animals seeking refuge in CRRP plantings. The mayors fear that wild pigs, 
especially, are already damaging crops and new tree plantings may aggravate this situation. 
7.4.4 The CRRP in context and criticism 
Questions 14 to 20 aimed to elicit the views of the respondents regarding forestry programs 
in north Queensland including the CRRP, whether the CRRP should be modified and why, 
and what kind of modifications should be made without affecting the goals. 
Question 15: Are there any other forestry programs implemented in your shire? 
Yes No Unsure 
70% 20% 10% 
Question 16: If you have answered "Yes" to Question 14, can you name them? 
Except for the Wet Tropics Tree Planting Scheme (WTTPS), which is known by the 
respondents from their participation in the CRRP, there was no knowledge of any other tree 
schemes in the shires. One respondent mentioned the DPI-Forestry but did not give the 
name of a particular program. 
Table 7-5 
Tree planting scheme named by respondents 
Name of tree planting scheme Number of mentions 
Wet Tropics Tree Planting Scheme 6 
Landcare 1 
Mount Molloy Environment Development Association (MEDA) 1 
DPI-Forest Services tree program 1 
Question 16: In your view, is the CRRP complementary to existing reforestation schemes 
or a replacement for them? 
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Two respondents (who replied "No" in Question 15) did not reply to this question, but the 
answer of the eight other respondents was that the CRRP is complementary to other 
schemes, not a replacement for them. 
Question 17: Should the concept of a program which involves mixed rainforest species be 
encouraged or discouraged in favour of pine, eucalypt or other monoculture tree 
plantations? 
Encouraged Discouraged Unsure 
90% 0% 10% 
Question 18: Do you believe that the CRRP will be successful in encouraging landholders 
to plant rainforest species if they have to share some of the costs? 
Yes No Unsure 
70% 0% 30% 
Most respondents believed that if landholders contributed financially, they would take 
more care of the trees, and the contribution would be unlikely to deter landholders from 
joining. 
Question 19: Should the scheme stay in its present form? 
Yes No Unsure No answer 
40% 40% 10% 10% 
Less than half the respondents answered 'Yes'. Respondents who answered 'No' believed 
that if large areas were to be planted with trees, the CRRP would not be sustainable in the 
long term because of the high cost ($/ha) to government. 
Question 20: If you have answered 'No ' to Question 19, could you list which modifications 
you would like to see occurring? 
Answers provided were varied and reflected the perceptions of various shortcomings of the 
program encountered in some of the LGAs. 
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Table 7-6 
Modifications to improve the CRRP 
Broaden the functions of the CRRP (i.e. to include regional economic development, 
labour market programs) (1) 
Provide a higher standard of extension services by QFS to landholders, (1) 
Provide greater encouragement of landholders' contribution, (1) 
Remove quickly taxation impediments, (1) 
CRRP should become shire-based and be integrated with the WTTPS, (1) 
Scheme should focus on developing high quality planting techniques not on 
cost/tree or tree/ha. (3) 
Number in brackets indicates the number of responses. 
Each respondent had their own opinion as to which modifications should be appropriate for 
the CRRP to be more efficient and some answers contradicted each other. For example, 
one respondent wanted more focus on program quality rather than focus on quantity (e.g. 
the number of trees into being planted per hectare). Another respondent wanted the CRRP 
functions broadened by being an element of a regional economic development program and 
wanted the CRRP to develop its own labour market program. This broadening of functions 
of the CRRP was strongly opposed by another respondent who would have liked the 
scheme to be shire-based and integrated with the Wet Tropics Tree Planting Scheme 
(WTTPS). This scheme was running in parallel to the CRRP but is concerned mainly with 
environmental planting on Crown land. 
One respondent thought the standard of extension services provided by DPI-Forestry could 
be improved. 
It is difficult to draw conclusions as to what modifications are desirable or needed in the 
CRRP from the above answers. Subsequent to the survey, two modifications mentioned in 
Table 7-6 were made to the CRRP. The CRRP and the WTTPS became administered 
jointly, and landholders' financial contributions were increased tenfold, from $50 per ha in 
1992-93 to $500 per ha in 1996-97. Tree planting ceased in the 1997-98 financial year and 
the CRRP only role has been focused on extension activities. 
7.4.5 Harvesting rights over trees planted in the CRRP 
The last two questions concerned perceptions of harvesting rights over the trees planted 
under the scheme. These rights seemed to be unclear in the CRRP. The LGAs views on 
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this issue were therefore sought, and also to make comparisons with previous landholder 
surveys that revealed that landholders had major concerns over harvesting rights. 
Question 21: To what extent can you provide security to the landholders so that the 
plantations can be logged (if the landholder wishes to do so) even if conservationists 
demonstrate that the mixed rainforest plantation has aesthetic value or has become an 
habitat for rare species of flora and fauna? 
The answers varied from one extreme (e.g. suggesting that there should be contractual 
arrangement between landholders and DPI-Forestry - which administered the funding for 
the scheme) to another (landholders have freehold and therefore have rights over their 
trees). 
Table 7-8 
Mayors views on harvesting rights in the CRRP 
There cannot be any guarantees, as one cannot bind future legislation (2) 
The Town Plan lists forestry in general farming zones "as of right" and except if this 
changed, landholders can plant and harvest trees as they wish (1) 
The land has freehold title and therefore should be free from third party intervention (1) 
An initial contract to include loggable resource should be drawn-up (1) 
Planters must be guaranteed harvest rights (1) 
If harvest is not allowed, then compensation must be paid (1) 
Number of respondents who stated those views are in brackets 
One respondent mentioned that the issue of harvest rights had not been addressed by the 
CRRP Committee or by the NQPJB, but that the issue should be addressed formally by 
these bodies. All CRRP landholders have freehold land, which means that they can 
currently harvest or preserve trees planted under the CRRP as they wish3. Two 
respondents indicated that LGAs could give no guarantees to harvesting rights. 
The uncertainty over harvesting rights and land clearing after a CRRP planting has been 
harvested may be an issue under the Commonwealth Environmental Protection and 
Biodiversity Conservation Act (1999) which took effect in June 2000, but is not an issue 
under the recently passed Vegetation Management Bill, 1999 (Qld) where plantations are 
specifically excluded under the Bill and can be cleared. 
CRRP landholders can also choose to clear their land from CRRP planting for anodier landuse at any 
time before harvest. 
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Question 22: One of the goals of the CRRP is to establish a future supply of timber. 
Should there be a legal arrangement to enforce this goal if a substantial number of 
landholders decide to preserve for posterity the plantations? 
This follow-up question elicited some consensus amongst \he respondents. Fifty percent of 
respondents considered that there should be a contractual arrangement requiring timber 
harvesting. The uncertainty or negative answers provided by the other 50% is due to the 
fact that over such a wide time span (20 to 50 years before harvesting), it was not possible 
to know what community attitudes would be. 
Yes No Unsure 
50% 30% 20% 
7 5 Implications of Responses from the Survey for Economic Analysis 
The fact that the CRRP had four set goals has implications for estimating the costs and 
benefits of the program. If the trees are not logged, the high costs of growing trees will not 
be recouped, and the re-emergence of a timber industry will be delayed. Some respondents 
mentioned that the time delay between planting and harvesting is so long for the species of 
trees planted, that the issue of harvest rights was not of immediate concern to the 
governments of today. While harvest rights may have been an issue in 1995 with respect to 
recruitment of landholders to the CRRP, it is more likely that the area planted by some 
landholders might have been less than would otherwise been the case with-more secure 
harvest rights. 
7 6 Conclusions 
The LGA survey was designed to elicit attitudes of local governments towards reforestation 
and in particular to the CRRP. All respondents had a positive overall attitude to 
reforestation and were closely involved personally with the program. Some respondents 
believed that the scheme came too late, thus not being able to defuse the anger generated by 
the inscription of the Queensland Wet Tropics to the World Heritage list. However, the 
CRRP succeeded in bringing together not only local governments to implement a scheme 
of their own but also to involve both the State and the Commonwealth governments as well 
as the community and conservation groups such as the North Queensland Conservation 
Foundation. 
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There were many benefits associated with the program from a local government 
perspective. The perceived main benefits were: sustainable supply of timber for future 
generations, better employment prospects, increased awareness of environmental issues, 
and education and training of landholders in forestry. Research into rainforest species in 
plantation settings and decrease in timber imports were also ranked highly amongst the 
perceived benefits of the CRRP. 
Some LGAs respondents were concerned that there were no guarantees that landholders 
will harvest the trees planted under the CRRP or that they will be allowed to harvest them. 
A solution to this dilemma is to encourage more landholders to plant, thus minimising the 
risk of non-harvest and to register reforested areas on a property plan with the LGAs. A 
Geographical Information System (GIS) has been developed to record all the CRRP 
plantings. The cost of registration would be only an administrative cost and the benefits 
could include a separate title to the trees planted and the benefits could assist in timber 
certification as plantation timber. 
Clarification of some outstanding issues such as who has property rights over the trees was 
sought. Will logging of these trees be allowed (if conservationists for example find 
endangered fauna or flora species in the CRRP plantings)? Will logging actually occur if 
some landholders do not wish to log (logging may not be their goal) or will the trees be 
removed for other reasons before they are ready for harvest (they might need the land for 
otiier uses or the land might be sold to new owners with different views)? None of these 
questions have been dealt with and none of the rights and obligations have been stated 
clearly to the landholders. Some respondents have stated that various pieces of legislation 
protect landholders from any third party involvement and landholders have no obligations 
under this scheme to harvest nor can they be compelled to harvest. This is a critical point 
from the view of some LGAs who would like to see contracts drawn whereby the 
obligations of the landholder relating to harvesting are clearly stated. Contractual 
agreements between landholders and the CRRP Committee recommended in the Shea 
report on which the program has been based, were not implemented and such written 
agreements would have resolved this issue at the outset together with the rights to harvest. 
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Chapter 8 
LANDHOLDER PERCEPTIONS OF THE BENEFITS AND COSTS OF 
PLANTING RAINFOREST TREE SPECIES IN THE QUEENSLAND 
WET TROPICS 
The growing of rainforest tree species, whether as permanent stands or as a timber 
resource, has multiple benefits. Future directions in rainforest management and 
reforestation will depend on community perceptions of these benefits. A number of surveys 
have been carried out in Australia, by the author and others, into the extent of farm 
reforestation, species planted, reasons for planting, constraints on further planting and 
forms of assistance preferred. This chapter reviews studies of landholder perceptions of 
benefits and costs from rainforest reforestation and reports the findings of a survey of 
landholders participating in the Community Rainforest Reforestation Program (CRRP) 
conducted by the author. The next section reviews the most recent surveys of landholders 
undertaken in Queensland and Northern New South Wales. Section 2 describes the 
methodology used to design the CRRP Landholders survey. Section 3 reports the results of 
the survey of landholders in the CRRP and Section 4 compares these latter results with 
other landholders' surveys and with die survey of the Local Government Authorities 
(LGAs). 
8 .1 Findings of Previous Forestry Attitude Surveys of Landholders 
Attitude surveys of landholders have been conducted in many Australian states. In 
southern States, the commercial interest has been the primary force behind planting trees 
on private properties (Soutar and Wallis, 1990). This commercial focus influences the 
species of trees planted by landowners as well as the type of plantation (monoculture vs 
mixed species). In recent years there has been considerable interest in private planting of 
native timber species, both as permanent stands and as a future timber resource. 
Considerable attention has been given to private forestry over a number of years in 
Australia (Brown and Hall, 1968; Reilly et al., 1975; Eckersley, 1985; Reid and Wilson, 
1986; Riemer, 1986; Tracey 1986; Department of Arts, Heritage and Environment, 1987; 
Venning, 1988; Campbell and Thomas, 1988; Buchanan, 1989; Angell, 1990; Blake et al., 
1990; Cremer et al., 1990). Farm forestry has been advocated as a potentially profitable 
form of diversification for landholders, and as a source of considerable social or 
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community benefits (Boyd, 1984; Hardman et al., 1985; Boyd and Hyde, 1989; Harrison 
and Sharma, 1994; Harrison et al., 1994). In Queensland, interest in commercial 
plantations has not resulted into a high level of tree planting. The private commercial 
plantation estate was less than 25,000 ha in 1990 (Blake et al., 1990). According to the 
figures published in the annual reports of the Queensland Department of Primary 
Industries- Forestry Services (QDPI-FS), the private plantation estate in Queensland 
actually had actually decreased by almost half between 1990 and 1997. 
The following section reviews landholders attitude through three recent surveys undertaken 
in Queensland (Broome, 1994 and Harrison et al., 1995) and in Northern New South Wales 
(Emtage, 1995). 
8.1.1 Broome's 1993 attitude survey in Far North Queensland 
This survey - conducted in the shires of Atherton, Eacham and Johnstone - provided some 
insights into the attitudes of landholders towards the World Heritage listing of the Wet 
Tropics of Queensland and towards reforestation. This was the first survey related to the 
CRRP, when this program had just begun. The survey did not exclude landholders who 
were not participating in the CRRP. Ninety-nine landholders were interviewed. 
Broome found that 43% of respondents were opposed to the World Heritage listing. 
Reasons cited included the belief that sustainable logging is possible in the listed area, that 
DPI-Forestry does a 'good job' and that timber is a renewable resource. Also, 18% of 
respondents believed that other countries should not be involved in Australian issues, and 
therefore the Queensland forests 'should be run by the Queensland National Parks and 
Wildlife Service (QPWS)' (Broome, 1993, p. 73). 
With regards to the CRRP, only 20% of respondents saw future timber production as an 
advantage of the scheme and only two of these mentioned generation of income as an 
advantage of the scheme (Broome, 1993, p. 49). 
Asked what were the main advantages of the scheme, respondents ranked first 'the concept 
of die program as a great idea' (36%), control of land and creek degradation (31%) and 
making good use of degraded land, or land on which deforestation should not have 
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occurred (32%) (Broome, 1993, p. 12). Ranked fourth was shade and crop protection from 
the wind (21%), followed by the creation of a future timber resource (20%). Employment 
as an advantage to the scheme was ranked 6th (11%), while all other potential advantages 
were agreed upon by less than four percent of respondents (Broome, p. 67). 
8.1.2 The Obi Obi Valley survey of Harrison et al. (1994) 
A random sample of 400 respondents in the Obi Obi Valley in South-east Queensland 
resulted in 164 useable responses. Ownership status of farms included 60% of husband 
and wife partnership, 36% sole traders and a small number of companies. Only 68% of 
respondents normally resided on their properties, 50% were over the age of 50 years, about 
20% were of retirement age and only 43 expected family members to manage their property 
after they ceased to do so (Harrison et al., 1994, p. 2). 
Respondents were asked to rank nine benefits of planting trees on a Likert scale from 1 to 5 
(with 1 as unimportant through to 5 as very important). Protection or restoration of land 
was the main reason for planting (mean score of 4.61), to attract wildlife and birds second 
(4.46), personal interest came third (4.37) and aesthetic value fourth (4.11). Planting trees 
for 'making money' ranked seventh (2.31) followed by diversification of farm business 
(2.13) and ranked last was the benefit of timber for providing fencepost (1.58). 
In their survey, long wait for financial returns was the main obstacle to commercial 
growing of native cabinet species on farms (62 mentions) followed by labour requirements 
(39), production costs (31) and harvest rights (26). 
The main differences between findings of Broome (1993) and those of Harrison et al. 
(1994) is that the landholders were not part of any specific assistance scheme in the latter 
survey. The motivation for the Harrison et al. survey was to determine whether there was a 
case for government intervention to promote planting. 
From Broome survey, we may conclude that if assistance is provided, the government 
should not expect financial returns. The non-market benefits of planting trees for 
reforestation as opposed to planting trees for commercial goals are already appreciated by 
the landholders surveyed as demonstrated by their ranking of the benefits of reforestation. 
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8.1.3 Emtage 's 1995 landholders survey (Richmont River catchment of Northern NSW) 
The goals of this survey were to assess the perceptions of landholders about the use of trees 
on rural landholdings on the Richmont River Valley in north-east New South Wales. The 
survey also made an assessment of 'the sources of information used by landholders to assist 
their farm management practice and their perceptions about a range of incentives and 
assistance schemes' (Emtage, 1995, p. 2). 
Landuse in the survey area was dominated by beef production while in the floodplain and 
the coastal fringe, sugar cane production dominates with tea plantations growing in 
importance, both as a source of income and in terms of area covered (Emtage, 1995, p. 18). 
In this survey of 100 landholders, (58% response rate), the average age of respondents was 
46.5 years, average education period of 14.7 years, with 6% being members of a Landcare 
group. 
Emtage used a Likert scale of 0 (not important) to 5 (most important) to rank reforestation 
benefits. The most important benefits of planting trees were found to be soil protection 
(mean score of 4.0), wildlife habitat (3.8), farm beautification (3.6) and increased land 
value (3.1). Planting for commercial timber and for hardwood were found to be as 
unimportant as planting for firewood (2.3) (Emtage, 1995, p. 48). These results confirm 
those of Harrison et al. (1994). The main reasons for not planting were cost, lack of water 
for tree establishment and the uncertainty relating to harvesting rights. 
About 60% of respondents had a source of income external to the landholding. The socio-
economic profile of landholders is similar to that of the Obi Obi landholders. 
8.2 Method of Sampling of CRRP Landholders 
As part of the current study, a survey was conducted of landholders participating in the 
CRRP in North Queensland, Far North Queensland and the Mackay statistical Divisions. 
A pilot survey of 15 landholders (one from each local government area) was undertaken in 
May 1996 to test a questionnaire and to modify any questions as required. Ten respondents 
returned their questionnaires completed correctly, and some questions were modified for 
the main survey. 
127 
A postal questionnaire was used rather than face-to-face interviews because of the lower 
cost involved. Personal interviews would have required travel to north Queensland and 
transport between landholders properties within the Wet tropics. 
The population of landholders as at 30 June 1995 comprised 400 landholders who 
participated in the CRRP in financial years 1992-93, 1993-94 and 1994-95, and 100 
questionnaires were sent in September 1996, a one in four sample1. Questionnaires were 
sent with prepaid return envelopes and this was followed up by telephone to remind 
respondents to complete the questionnaire. The response rate in the survey was as 
indicated in Table 9-1 was 48%. 
Table 8-1 
Response rate to the survey by year of planting and by location 
Local 
government 
authorities 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Cairns 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
Total 
CRRP 
landholder 
population 
44 
28 
18 
83 
35 
52 
41 
25 
18 
15 
11 
12 
7 
9 
400 
CRRP 
sample 
8 
6 
4 
18 
10 
20 
8 
6 
4 
5 
3 
3 
2 
3 
100 
Sub-samples by 
1992-93 
1 
2 
1 
1 
2 
2 
1 
1 
1 
12 
planting 
1993-94 
4 
2 
1 
8 
3 
13 
3 
2 
2 
3 
1 
42 
year of 
1994-95 
3 
2 
2 
9 
5 
5 
4 
3 
1 
2 
3 
2 
2 
3 
46 
Response 
rate (%) 
37.5 
50.0 
50.0 
44.4 
30.0 
35.0 
25.0 
83.3 
50.0 
60.0 
100.0 
66.7 
100.0 
100.0 
48.0 
Number of completed 
questionnaires 
1992-93 1993-94 1994-95 
3 
1 1 1 
2 
4 2 2 
1 2 
1 6 
1 1 
1 3 1 
2 
1 2 
3 
1 1 
2 
3 
10 20 18 
The number of landholders drawn from each planting year increased with the number of 
landholders planting. In 1992-93, the total population - including organisations and 
landholders who planted more than once - was 82. In 1993-94, the number of landholders 
who participated for the first time in the CRRP was 163, and 202 in 1994-95. Repeated 
occurrences of names landholders and organisations occurred 49 times and these repeats 
were excluded from the survey list (to avoid double counting of areas planted). Five 
1
 Systematic selection was used, in which a number between one and 400 was drawn at 
random and commencing with this number, every fourth name was taken into the 
sample. The CRRP Committee provided the list of names to the audior. 
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questionnaires were returned with addresses unknown and one landholder had died. Of the 
remaining 94 questionnaires, 48 were completed correctly and used. 
8.3 Design of the CRRP Landholders Questionnaire 
A copy of the questionnaire (with the responses) is provided as Appendix F. The 
questionnaire consists of five distinct sections and includes closed and open questions. 
The first section (A) deals with property details. Section (B) asks how the landholders 
became involved in the CRRP and why. Sections (C) and (D) are the main parts of the 
survey, and request landholders to rank benefits (private and social) and costs and other 
impediments to planting in the CRRP. The last section (E) seeks information about the 
socio-economic profile of landholders - for instance age, education and income. Survey 
responses summarised by LGAs and year of planting are presented in Table F-l. The 
following sections report and discuss the survey findings for each section. 
8.3.1 Property details of CRRP respondents 
The first section of the questionnaire sought to elicit background details on the respondents 
and the characteristics of the property on which tree planting had taken place. These 
characteristics included how long they had lived on the property, the size of their holding 
and the pattern of landuse. 
Table 8-2 reveals that over 85% of the respondents lived on the property where CRRP 
reforestation occurred, and that they had resided on their property for an average of 19 
years. 
Table 8-2 
Number of landholders living on their property, average period 
of residence and average size of properties 
Year of planting 
1992-93 
1993-94 
1994-95 
1992-1995 
Sample size 
10 
20 
18 
48 
Number 
respondents 
of Proportion of 
living respondents 
on property 
10 
16 
15 
41 
living 
on property (%) 
100.0 
80.0 
83.3 
85.4 
Mean period on 
property (years) 
21.2 
21.0 
15.3 
18.8 
Average size of 
property (ha) 
140.9 
36.6 
24.6 
90.9 
Table 8-2 also reveals that there are differences between respondents who planted under 
the scheme in 1992-93 and 1993-94 and respondents who planted under the scheme in 
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1994-95. For the former, the mean period of residency is about 21 years and in the latter 
15.3 years. Table F-2 in Appendix F provides more details and indicates that the mean 
period of residency is 47 years in the Hinchinbrook LGA, while CRRP participants in the 
Mackay, Atherton and Douglas LGAs have the shortest mean period of residency, with 1.6 
year, 2 years and 5 years respectively. 
Table 8-2 further indicates that the average size of property is 90.9 ha. For respondents 
who join the CRRP in 1992-93, the average size of their landholding is 141 ha,. For 
respondents who planted in 1993-94, it is 37 hectares and for those who planted in 1994-
95, it is 25 ha. Table F-3 provides further details of property sizes by LGAs and reveals 
that landholders in the shires of Cardwell with an average of 262 ha and Mulgrave with 
169 ha have the largest average property sizes. Landholders in the Douglas shire have the 
smallest property sizes in average (6 ha). The average sizes of properties is lower in the 
Mackay statistical division which began reforestation within the scheme only in 1994-95. 
The low overall average property size in the CRRP is mainly due to the inclusion of these 
new local government authorities to the scheme. Also, the respondents surveyed who 
planted in 1994-95 had been living on their properties 6 years less on average than 
respondents who planted in the previous two years. It may be that the price of land had 
increased and therefore new landholders had to purchase less land. Land subdivisions 
which has taken place in the past 15 years on the coastal localities may also be a cause for 
these differences. However, further research at the LGA level would be required to find 
out why these differences in property size exist. 
The survey revealed that the respondents as a group held 4,363 ha of land, of which CRRP 
planting amounts to 202 ha or 4.3% of the total land area owned by the respondents. The 
largest holdings (more than 50 ha) of native forests are located in the Cook, Atherton, 
Mulgrave and Hinchinbrook LGAs. Table 8-3 provides the breakdown of the area by 
landuse. The category 'Crops' includes mostly sugarcane and the category 'Others' 
includes fruit crops. 
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Table 8-3 
Main landuse among surveyed landholders 
Landuse 
Pasture 
Crops 
Native forests 
Trees planted by 
Others 
Total 
landholders* 
Total area (ha) 
955.5 
2,130.0 
889.0 
202.6 
186.0 
4,363.1 
Proportion of 
total area (%) 
21.9 
48.8 
20.4 
4.6 
4.3 
100.0 
Trees planted by landholders include CRRP plantings 
-2 Table F-3 (in Appendix F ) provides a breakdown by LGA and by year of planting. 
Question 5 asked respondents 'If you have any native forests, have you derived any income 
from logging?'. Twenty-three respondents (47.9%) had native or remnant forests on their 
property (average of 38 ha) but only five respondents (21.7%) replied that logging had 
taken place on their property. Question 6 asked how large the area logged or cleared was. 
On those five properties where timber had been harvested, tihe total area cleared was 82 ha 
and the logging occurred between 1986 and 1991, except for 2 ha of Acacia species logged 
in 1996 on one property in the Atherton shire. Question 7 asked what the reasons for 
logging were. Reasons reported included that the trees were mature (two responses), that 
the forests had been logged by previous owner (one response), that cyclone Winifred in 
1986 had damaged the trees (one response), and that the trees were logged without 
permission of the owner (one response). 
To Question 8 'Have you planted any trees on your property?' and to Question 9 i f 'Yes' 
did you plant the trees as part of a government program or on your own?', Table D-5 
indicates that (excluding the CRRP) 27 respondents (56% of the total) had planted trees 
without financial assistance. Two respondents were assisted by Landcare (although five 
respondents were members of a Landcare group), four were assisted by conservation 
groups and one respondent was assisted by others but did not specify who. 
Table numbers preceded by a capital letter refer to tables placed in Appendix. For example Table F-3 
refers to Table 3 in Appendix F. 
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Question 10 asked respondents if they were members of a Landcare group. Out of the 44 
respondents who answered Question 10, nine landholders (20.45%) were members of a 
conservation group, including five in a Landcare group. The groups named include: 
a) Greening Australia (1) 
b) Gwynn and Leslie Creek group (1) 
c) TREAT (Trees for the Atherton and Evelyn Tablelands) (1) 
d) Cattle Creek catchment group (1) 
e) Landcare : Ingham (1); Helensvale (1); Cairns (1); Sarina (1); Whitsunday (1) 
To Question 11 'Does your property border the Wet Tropics World Heritage Crown land?', 
10 landholders (20.8%) answered in the affirmative. 
8.3.2 Involvement of landholders with the CRRP 
All landholders are participants in the CRRP and Question 12 was designed to confirm that 
the planting actually occurred. The CRRP database of landholders did not completely 
coincide with landholders' records3. In order to be involved with the CRRP, landholders 
had to become aware of the program and be motivated to provide land for tree planting. 
The survey sought to establish: how they became aware of the CRRP; and once they made 
their decision to plant, how large was the area they planted, and if they believed the 
planting would affect the value of their property and by how much. 
a) Awareness and motivations of landholders for participating in planting schemes 
Table F-6 reveals that about 29% of respondents had become aware of the CRRP by 
reading local newspapers. Another 26% of landholders had become aware of the CRRP by 
'word of mouth' and 25% by personal visits from extension officers from the Department 
of Primary Industry-Forest Service (DPI-FS) . Letters sent to landholders by DPI-FS made 
only 9% of landholders aware of the program while radio and television had minimum 
awareness impacts. 
The discrepancy arose because landholders eligible to plant under the CRRP had details of 
their property and details of tree plantings recorded in the CRRP database as soon as they 
were accepted into the scheme but the actual planting occurred in a following financial year. 
This division of the DPI was renamed 'Forest Industries' in 1997. 
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Question 14 asked 'What was your main motivation for participating in the CRRP?'. 
Respondents' answers are presented in Table 8-4. Some landholders reported more than 
one motivation for joining the CRRP. 
Table 8-4 
Motivations of landholders to plant trees under the CRRP 
Motivation 
Financial assistance 
Physical assistance 
Future income 
Potential to leam 
Rehabilitation / use of degraded land 
Erosion control / bank stabilisation 
Preservation of rainforest 
Help develop timber industry 
Trees for the birds / wildlife 
Scenic value 
Liking of trees 
Help unemployment 
Water quality 
Wind shelter 
Corridor between forest and wetland 
Total number of responses 
Number of 
responses 
1 
9 
6 
3 
12 
6 
1 
4 
2 
4 
1 
1 
1 
1 
1 
53 
Proportion of total responses 
(%) 
01.8 
16.9 
11.3 
05.7 
22.6 
11.3 
01.9 
07.5 
03.8 
07.5 
01.8 
01.8 
01.8 
01.8 
01.8 
100.0(a) 
(a) Total may differ from 100 due to rounding 
Land rehabilitation and erosion control were the main motivations as to why landholders 
planted trees in this program, accounting for 34% of all responses. Physical assistance to 
plant trees was the second main motivation with almost 17% of landholders giving this 
reason for planting under the CRRP. The form of assistance required was mainly 
'physical' assistance (nine responses) rather than financial assistance (only one response). 
The 'physical' assistance was not necessarily related to the 'physical condition' of 
landholders, but linked with the lack of time and experience of landholders in tree planting. 
With Question 15, landholders were asked why they did not previously plant trees on their 
own or as part of other tree programs. The responses in Table 8-5 reveal that out of the 12 
reasons obtained from 10 landholders, a third did not know of any other schemes. 
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Table 8-5 
Reasons why landholders did not plant prior to CRRP assistance 
Reasons Number of 
responses 
Too difficult without any assistance 
Cannot maintain large blocks of trees 
Were not ready to plant trees 
Did not live in the property 
Did not know about other tree programs 
Area too small for commercial project 
Cost too great 
Lack of time 
New to farming 
Total number of responses 12 
From the answers listed in Table 8-5, one can infer that prior to the CRRP, tree planting 
schemes might not have been marketed in a systematic and efficient way. This inference is 
consistent with the responses obtained from surveys reviewed in Section 8.2 and confirms 
results from the Broome survey. The amount of publicity for the CRRP and visits by DPI-
FS officers to promote the scheme to landholders by 'door-knocking' have filled this gap. 
b) Area of land planted by the respondents 
Question 16 was designed to confirm the area of land that has been reforested by the 
respondents under the CRRP and to compare this area with the total area planted in the 
CRRP. 
Table 8-6 
Comparison of the sample of respondents and area planted by respondents against 
the total CRRP population of landholders 
Year of 
planting 
1992-93 
1993-94 
1994-95 
1992-95 
Number of 
respondents 
N 
10 
20 
18 
48 
Area planted 
by 
respondents 
(ha) 
47.9 
62.5 
66.0 
176.4 
CRRP 
landholders 
population 
(N) 
82 
163 
202 
400 
Total area 
planted in the 
CRRP (ha) 
266.2 
436.8 
439.2 
1,142.2 
Respondents 
as proportion 
ofN(%) 
12.2 
12.3 
8.9 
12.0 
Proportion of area 
planted by respondents 
as % of total area 
planted in the CRRP 
18.3 
14.3 
15.0 
15.4 
Table 8-6 indicates that 48 landholders, who represent about 12% of the total population of 
landholders in the CRRP as at June 1995, planted 176 ha of trees. This amounts to 15.4% 
of the total tree planting at that time in the CRRP. This percentage means that the sample 
of landholders drawn from the CRRP population is over-representative of that population 
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in terms of area planted. However, the upward biased may be correlated to landholders 
who responded to the survey. The landholders who responded may have had stronger 
interest in tree plantings and this interest was reflected in larger being planted by this 
group. In effect, the average area planted by the respondents under the CRRP was 3.67ha 
against 2.85ha for the CRRP population. 
c) Perceptions of landholders of impact of tree planting on their land value 
In Question 17 and 17a, the respondents were asked if tree planting had increased or will 
increase the value of their property and if 'Yes' by how much. Thirty-five out of 48 
respondents answered this question. Of these 35 respondents, three did not report a value 
but believed the value of their property will change as the result of planting trees, but did 
not die direction of the change. 
Table 8-7 
Expected percentage change in property value by respondents 
from CRRP plantings (n=35) 
Expected increase in Number of respondents Proportion of respondents 
property value (%) (%) 
Do not know 3 8.5 
0 7 20.0 
0-2 12 34.3 
2-5 9 25.7 
5-10 2 5.7 
More man 10 2 5/7 
Table 8-7 reveals that 34% of respondents believed that the value of their property will rise 
between 0% and 2%, another 26% believed the increase in value will be between 2% and 
5%. Twenty per cent of respondents believed that tree planting will not affect the value of 
their property while 5.7% of respondents believed the value will increase by between 5 and 
10% and another 5.7% believed their property will increase in value by more than 10%. 
8.3.3 Landholders perceptions of the benefits of the CRRP 
This section of the questionnaire deals with landholder perceptions of the main benefits of 
reforestation from a private and social viewpoint as well as the costs and impediments 
which may constrain them to undertake more tree planting. Question 18 requests 
respondents to firstly indicate whether the goals of the CRRP are of equal importance in 
their view, and if they are not, Question 19 requests respondents to rank them in order of 
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importance. All 48 respondents answered Question 18, and 50% believed that the goals 
were not of equal importance. Of those 24 respondents, the overall ranking was as follow: 
1. arresting degradation of land following extensive inappropriate clearing, 
2. developing a private plantation timber resource, 
3. improving water quality in rivers and streams, and 
4. training a workforce to support rainforest plantation establishment. 
This ranking is consistent with the overall response to Question 14 where 22.6% of 
respondents considered that the main motivation for planting tree was 'land rehabilitation' 
and another 11.3% stated the main motivation as 'erosion control'. 
Questions 20, 21a and 21b attempt to elicit from respondents whether they would have 
planted trees with CRRP assistance if the option to choose the tree species had not been 
given and if instead they had been offered the option of a monoculture tree plantation, for 
instance of pine trees (Pinus caribaea) 
Of me 44 respondents who answered Question 20, 28 respondents (63.3%) said they would 
have planted trees under the scheme even if the option of choosing the tree species had not 
been offered. However, when asked in Question 21a if pine monoculture was acceptable, 
only 15 respondents (34%) out of 43 responded 'Yes'. In response to Question 21b which 
asks if Eucalypt or other native tree species monoculture is acceptable, all 28 respondents 
(65%) answered that they would plant monoculture if the tree species to choose from was a 
native tree species. 
These results are consistent with the LGA survey reported in the previous chapter, in which 
LGAs representatives indicated their strong preference for planting native tree species in 
the region. The rate of response, with 63% of respondents agreeing that native species 
monoculture was acceptable, suggests that the potential for more predictable and therefore 
profitable plantations exists. Table F-l l indicates that there was a trend amongst 
landholders who came into the program in 1994-95 to accept more readily a monoculture 
of trees, provided the tree species selected are native. In the Mackay, Mirani, Whitsunday 
and Sarina LGAs, there are already large pine plantations and therefore monoculture may 
not be as an important issue in this geographical area as in north Queensland. 
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8.3.4 Ranking of private benefits of the CRRP by landholders 
Question 22 requested landholders to rank a list of private and social benefits. A common 
method of establishing which benefits are important is by averaging up the number of 
mentions for the various benefits. Some landholders ranked only four or five benefits, 
some others ranked benefits equally. Some benefits might have more mentions than others 
but be ranked lower than the latter. For this reason, ranking by number of mentions is not 
an accurate reflection of how important a benefit is relative to the others. Instead two 
measures were adopted which reflect more accurately how important each benefit is. 
These alternative measures were possible because landholders had been asked to tick the 
top 10 benefits, and to assign to each benefit selected a value from one to 10, with one 
being the most important and 10 the least important. A value of zero is attached to benefits 
not ranked. The first measure utilises this information by calculating a mean score for each 
benefit. In the second measure, only the number of mentions for benefits ranked one to 
five by the respondents was counted. The two measures were then integrated to make a 
list of the five most important benefits. These two measures were also adopted to rank 
social benefits and costs. 
The ranking by landholders is reported in Table F-12, classified by LGA. Table 8-8 
provides the aggregate ranking under two different ranking measures. 
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Table 8-8 
Ranking by CRRP respondents of private benefits by mean score and by frequency of 
mentions in the five most important benefits (n=48) 
Private benefits Measure 1 Measure 2 
Total Mean Ranking of Frequency Ranking by 
score score benefits by of five mention of 
mean score most the five most 
important important 
benefits benefits 
Improvement of soil nutrients 
Improving water quality in watercourses and storages 
Protecting wildlife habitat 
Decreasing sedimentation in watercourses and storage 
Complementing superannuation or pension 
Increasing land values and bank credit rating 
Developing a small business relying on secondary 
forest products 
Learning new skills in forestry 
Legacy for children 
Increasing pasture output 
Increasing output of crops 
Decreasing fertilisers input 
Increasing nulk yield 
Shade for cattle 
Windbreak 
Establishing a plantation for logging 
Decrease the impact of drought 
Farm beautification 
Buffer zone (e.g. to attenuate noise) 
Arresting soil erosion 
Others ( Please name) 
Measure 1: Ranking by number of mentions 
In order to overcome the problem of simply ranking the number of mentions, all rankings 
for a given benefit are summed up (giving a total score) and from the total score divided by 
the number of mentions, a mean score is derived. For example, if landholder A ranks 
benefit X as ' 5 ' and landholder B ranks the same benefit as ' 2 \ the total score is '7 ' and 
the mean score is '3.5' . If three landholders mentioned the same benefit, the total score is 
divided then by three etc. Using this measure, the five most important benefits are: 
1 'buffer zones' (mean score of 3.4) 
2 ' improvement of soil nutrients' (mean score = 4.0) 
3 'protecting wildlife' (mean score =4.1), 
4 'shade for cattle' (mean score = 4.2) and 
5 'learning new skills in forestry' (mean score = 4.3). 
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155 
150 
150 
138 
145 
111 
156 
164 
37 
39 
59 
0 
46 
126 
162 
100 
186 
116 
183 
26 
4.0 
4.1 
3.9 
4.6 
5.7 
5.8 
6.2 
4.3 
4.6 
7.4 
7.8 
6.6 
0.0 
4.8 
5.7 
4.6 
7.1 
5.0 
3.4 
5.2 
3.7 
4 
5 
3 
8 
14 
15 
16 
7 
9 
19 
20 
17 
21 
6 
13 
10 
18 
11 
1 
12 
2 
14 
23 
28 
19 
13 
11 
8 
7 
21 
1 
1 
1 
0 
5 
9 
20 
4 
20 
6 
17 
5 
8 
2 
1 
6 
9 
10 
12 
13 
3 
18 
18 
18 
21 
15 
11 
4 
17 
4 
14 
7 
15 
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Measure 2: Ranking by excluding benefits ranked higher than five 
Another method to rank the benefits is to count the number of mentions, but excluding 
benefits with a ranking higher than five. With this method, the ranking of the five most 
important benefits is as followed: 
1 Protecting wildlife habitat (28 mentions out of 38) 
2 Improving water quality in watercourse and storage (23 out of 38) 
3 Legacy for children (21 mentions out of 36) 
4 Establishing a plantation for logging ((20 mentions of 35) 
5 Buffer zone (16 mentions out of 34) 
Two private benefits of reforestation under the CRRP are common to both methods of 
ranking, namely 'Protecting wildlife' and 'buffer zones' benefits. It is noted that the wood 
benefit 'establishing a plantation for logging' has 20 mentions ranking fifth or highers. 
However, overall, uhis benefit was ranked lower than when mean scores were considered. 
8.3.5 Ranking of economic benefits of the CRRP by landholders 
In Question 23, respondents were asked to rank economic benefits arising from the CRRP 
planting. In Question 22, respondents were requested to rank the first 10 benefits only. 
The detailed results for both those questions are set in Table F-13. In a primary ranking by 
number of mentions alone, seven social benefits were mentioned 37 times out of a possible 
46 useable responses. This approach , as mentioned previously, does not discriminate well 
between social benefits. This approach is more useful to exclude benefits which are 
deemed not so important by respondents (e.g. road maintenance). By using scores and then 
dividing by the number of mentions (Measure 1), the means scores provided a more 
meaningful result (mean score in brackets): 
1. Decreasing the greenhouse effect (3.50) 
2. Establishing a cabinet timber based industry (3.77) 
3. Increasing employment prospects in the shire (4.51) 
4. Increased community awareness (4.59) 
5. Research benefits of the scheme (4.78) 
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Table 8-9 
Ranking by CRRP respondents of social benefits by mean score and by frequency of the 
five most important benefits (n = 46) 
Social benefits 
Increasing employment prospects in the shire 
Community cohesion 
Decreasing the greenhouse effect 
Future decrease of timber imports 
Increase in ecotourism 
Establishment of nurseries 
Establishing a cabinet timber based industry 
Research benefits of the scheme 
Increased community awareness 
Water quality in streams /fishing 
Reduction of bio-diversity loss 
Flood mitigation 
Road maintenance 
Siltation of the Barrier Reef 
Number of 
mentions 
39 
37 
36 
40 
27 
39 
39 
37 
37 
35 
31 
15 
3 
13 
Total 
score 
176 
222 
126 
195 
179 
240 
147 
177 
170 
190 
167 
74 
16 
79 
Measure 1 
Mean 
score 
4.5 
6.0 
3.5 
4.9 
6.6 
6.2 
3.8 
4.8 
4.6 
5.4 
5.9 
4.9 
5.3 
6.1 
Ranking of 
benefits by 
mean score 
3 
11 
1 
6 
14 
13 
2 
5 
4 
10 
9 
7 
8 
12 
Measure 2 
Frequency 
of five 
most 
important 
benefits 
25 
17 
27 
24 
10 
12 
23 
17 
22 
17 
14 
9 
0 
4 
Ranking 
by mention 
of the five 
most 
important 
benefits 
2 
6 
1 
3 
11 
10 
4 
6 
5 
6 
9 
12 
14 
13 
If the ranking is established by selecting only benefits of ranking of 1 to 5 (Measure 2), the 
following benefits rank in the first five (number of mentions in brackets) 
1. Decreasing the greenhouse effect (27) 
2. Increasing employment prospects in the shire (25) 
3. Future decrease of timber imports (24) 
4. Establishing a cabinet timber based industry (23) 
5. Increased community awareness (22) 
The only change between the previous ranking and this one is between 'future decrease of 
timber imports and 'research benefits of the scheme'. 
8.3.6 Ranking of establishment costs and other impediments of the CRRP by landholders 
Question 24 requests landholders from the CRRP to rank the costs and other impediments 
which constrain them from growing more trees on their property. In this question, all the 
costs and impediments were ranked. The detailed ranking by landholders is presented for 
each LGA in Table F-14. Table 8-10 provides the ranking of costs. 
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Table 8-10 
Ranking by CRRP respondents of costs and impediments by mean score and by frequency 
of the five most important costs and impediments (n = 46) 
Costs and impediments Total 
score 
204 
170 
200 
179 
152 
130 
164 
222 
183 
250 
223 
198 
Measure 1 
Mean 
score 
6.37 
5 
6.25 
5.26 
5.06 
3.82 
4.20 
7.40 
5.71 
8.92 
7.96 
6.38 
Ranking 
of 
benefits 
by mean 
score 
8 
3 
7 
5 
4 
1 
2 
10 
6 
12 
11 
9 
Measure 2 
Frequency of 
five most 
important 
benefits 
14 
21 
16 
18 
18 
30 
26 
9 
14 
4 
7 
14 
Ranking by 
mention of 
the five most 
important 
benefits 
7 
3 
6 
4 
4 
1 
2 
10 
7 
12 
11 
7 
Costs of participation in the program 
Costs of land preparation 
Costs of fencing 
Costs of maintaining the trees 
Taxation 
Time restriction to care for larger plantation 
No more land available for planting 
Land available does not fulfil CRRP criteria 
Already have remnant forests on the property 
Plantings become habitat for feral animals 
Uncertainty as to the future price of timber 
Uncertainty as being allowed to harvest 
The main 5 impediments as ranked by means score (Method 1) for landholders are: 
1 Time restriction (limited time to care for larger areas of plantation) 
2 No more land available for planting 
3 Cost of land preparation 
4 Inability under current laws to have the trees planted classified under 'forest 
plantation' for tax purposes 
5 Costs of maintaining the trees 
If ranked by the most important five impediments (Method 2), the ranking becomes: 
1 Time restriction (limited time to care for larger areas of plantation) 
2 No more land available for planting 
3 Cost of land preparation 
4 Cost of maintaining the trees 
5 Inability under current laws to have the trees planted classified under 'forest 
plantation' for tax purposes 
Whatever the method used, the most important five cost items or impediments to tree 
planting are common to both measures with a minor change in order in the last two cost 
items. 
Contrary to previous landholders surveys, main constraints reported are time and available 
land. These constraints are followed by the cost of land preparation and the cost of 
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plantation maintenance. Land preparation and maintainance are the activities that 
landholders within the CRRP must carry out. However, for the first three years, 
maintainance of the tree plantations is carried out by the CRRP staff. 
& 3.7 Socio-economic profiles of landholders 
The last section (Section E) of the survey addresses the age, income and educational level 
of landholders participating in the CRRP indicated in Table 8-11. 
Table 8-11 
Age profiles of landholders in the CRRP (n=48) 
Local government 
authority 
No of 
respondents 
Age groups (years) 
18-25 2 6 - 3 5 3 6 - 4 5 46-55 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave/cairns 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
3 
3 
2 
8 
3 
7 
2 
5 
2 
3 
3 
2 
2 
3 
56 + 
1 
5 
1 
2 
1 
1 
1 
1 
~i 
4 
1 
1 
2 
2 
1 
2 
2 
1 
Total 48 0 
Proportion of respondents by age group (%) 
2 
4.2% 
1 
15 
31.3% 
1 
16 
33.3% 
15 
31.3% 
Most landholders (46 out of 48 respondents) are aged 36 years and over and ages are 
divided about equally between the 36-45, 45-56 and above 56 age groups. Education level 
is reported in Table 8-12, and is evenly divided between grade 10 leavers and tertiary 
education graduates. At the LGA level, respondents from Hinchinbrook had lower 
educational level than the respondents in the other LGAs, with five out of the seven 
respondents with a Year 10 or lower level of education. 
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Table 8-12 
Education level of landholders in the CRRP 
Local government 
area 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave/Cairns 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
Total 
Number of 
respondents 
3 
3 
2 
8 
3 
7 
2 
5 
2 
3 
3 
2 
2 
3 
48 
Proportion of landholders (%) 
Year 10 
1 
2 
1 
5 
1 
1 
1 
1 
2 
1 
16 
33.3 
Education level 
Year 12 
1 
2 
2 
2 
1 
1 
1 
1 
11 
22.9 
Tertiary 
3 
1 
2 
2 
1 
1 
2 
1 
1 
2 
1 
17 
35.4 
Technical 
2 
1 
1 
4 
8.2 
The income class of the respondents is shown in Table 8-13 
Table 8-13 
Income level of landholders in the CRRP 
Name of local 
government area 
(LGA) 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave/Cairns 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
Total 
Number of 
respondents 
3 
3 
2 
8 
3 
7 
2 
5 
2 
3 
2 
1 
1 
3 
45 
Proportion of landholders (%) 
0 t o 5 
1 
1 
2.2 
5 to 
12 
1 
1 
2 
1 
1 
2 
8 
17.8 
Income level 
12 to 
20 
1 
2 
2 
1 
2 
1 
9 
20.0 
20 to 
30 
1 
1 
1 
? 
2 
7 
15.6 
($1,000) 
30 to 
40 
1 
3 
1 
1 
6 
13.3 
40 to 
50 
1 
1 
1 
3 
6.7 
50 + 
2 
1 
3 
1 
1 
2 
1 
11 
24.4 
The income profile of the respondents presented in Table 8-11 suggests that respondents 
income is above the Australian weekly income, which was $626.43 in 1993-94 (ABS, 
1997a) but lower than the Queensland farmers average income of approximately S45,000 
(ABS, 1997b) for the respective years. 
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The income and age profiles of the respondents suggest that financial impediments for 
planting trees are important. The income level of most respondents would not be sufficient 
to support the costs of hiring labour for planting seedling as well as thinning and pruning. 
None of these tasks can be mechanised given the state of the technology and physical 
health may be an issue for tree planting and maintenance as the age of respondents gets 
older. Younger respondents could do these tasks themselves and the reported income could 
suffice to pay for the seedlings. Bank indebtness by younger farmers is high according to 
ABARE farm surveys (1996), but the question was not asked by the author and the 
possibility of indebtedness which is not confined to younger landholders is speculative in 
relation to the respondents. The main conclusion is that financial assistance is not a crucial 
element for landholders, but physical assistance was. 
8.4 Comparisons of the Present Survey with Others Landholders Surveys 
In the following sections, comparisons of the findings of this survey are made and 
discussed against the other landholders surveys and the local government authorities survey 
findings from the previous chapter. 
8.4.1 Comparison of landholders profiles between the surveys 
At the time of the survey, about 85% of respondents in this survey had lived on their 
property for an average of 19 years. The average size of their property is 90 ha. This is in 
sharp contrast to the findings of Harrison et al. (1994) survey in the Obi Obi Valley 
whereby only 68% of respondents lived on the property where the trees were planted, and 
the average age of landholders was over 50, with 20% being pensioners. In the present 
survey, about 64% of landholders are over 46 years old with 31.25% over 56. 
Only 33% of respondents had a highest education level of completing grade 10, the balance 
having studied to grade 12 or in a technical college. This is probably closed to the 
Emtage's sample where the average amount of schooling was 14.7 years. 
8.4.2 Comparison of benefits rankings between the surveys 
Of the benefits of the CRRP, landholders in the present survey ranked protection of 
wildlife habitat first, followed by improvement of water quality in watercourses and 
storages. Legacy for children and establishing a plantation for logging were ranked fourth 
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and fifth respectively. The differences widi Broome's survey (Broome, 1993) are only 
differences of degree. 
The establishment of tree plantations for logging became more pronounced in 1994-1995 
when the LGAs from the Mackay statistical division joined the CRRP. In the Harrison et 
al. (1994) and in the Emtage (1995) surveys 'attraction of wildlife and bird' was ranked 
second. In the current survey, about 41% of landholders (20) ranked establishing a 
plantation for logging in the top five items. This is more than in Broome's initial CRRP 
survey, where only 20% saw the CRRP as a means to create a future timber resource. 
Broome's findings are not inconsistent with this survey. Broome's survey focused on only 
tiiree shires at the commencement of the CRRP in 1993. The present survey is wider 
spatially as well as temporally. The inclusion of LGAs from the Mackay statistical division 
two years after the original launch into the survey, plus the changes which occurred within 
the CRRP administration and policy changes of the CRRP which gave more focus on 
timber production, means that landholders that came into the scheme later, especially after 
mid-1995, would have planted trees for timber production. 
In the present survey, the social benefits of the CRRP 'decreasing the greenhouse effect' 
ranked first followed by 'increasing employment prospects in the shire'. To some extent, 
ranking this latter benefit second contradicts the ranking of the private benefit of 
'establishing a future timber resource' as fourth. The goal of increasing employment in the 
timber industry will not occur if landholders do not harvest (at least 20% of landholders do 
not consider harvesting according to this study). 
8.4.3 Comparison of landholders' motivation for planting trees 
The motivations of landholders in this survey are similar to the surveys reviewed. The 
main motivations of landholders are 'rehabilitation and erosion control' which accounted 
for 34% of responses (31% in Broome's survey and ranked first in Harrison et al. (1994) 
survey). 
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8.4.4 Comparison of landholders perceptions of the costs of and impediments to, 
planting trees between surveys 
The main impediments to tree planting are time restriction (62.5% of respondents ranked 
this impediment in their top 5 ranking) and 'no more land available' (54.16%). Time 
requirement was the second highest ranked issue for landholders in the Obi Obi Valley 
(Harrison et al., 1994), but not in Emtage's survey. While availability of land would be a 
prerequisite for tree planting, this impediment is not reported in the other surveys. Of the 
total land owned by the CRRP landholders, 889 ha (or 20.4%) is already covered by native 
remnant forests. Sustainable silvicultural practices on these existing forests would assist 
the creation of the timber industry in North Queensland. Other surveys did not relate the 
presence of native forests witii forest plantations or tree planting in general. This was a 
major flaw which is remedied in this survey. The presence of native forests on the 
properties of the respondents did not constrain them to plant more trees; however, this 
survey did not ask why many more landholders do not reforest and the presence of remnant 
forests on their properties may be a reason. 
Other impediments to tree planting were costs associated with land preparation (ranked 
3rd), costs of maintenance (ranked 4th) and inability under current laws to have the trees 
planted under 'forest plantation' for tax purpose (also ranked 4th). These impediments 
were also reported as highly important in the Harrison et al. (1994) survey. This latter 
reason is not convincing, given the income level of the respondents in this survey. 
8.4.5 Comparison of the findings of this survey with the findings of the local government 
survey 
The present survey is generally consistent with the LGA survey, except for the emphasis 
taken by the LGA representatives to put more weight on timber production and 
employment. The LGA survey findings are not surprising to the author. The change of 
direction taken by the CCRP Committee in 1995 was to focus on the goal of timber 
production. As a result many landholders interested in the CRRP in 1996 to 19975 would 
not have been interested in the CRRP under the new focus. The focus to plant larger plots 
would also have limited the number of landholders interested in planting under the CRRP, 
if the present results are of any indication. In particular, widi the 'lack of land' as a major 
In mid-1997, the CRRP stopped tree planting for lack of funding and has focused since then 
in extension activities. 
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issue, it is evident that landholders are willing to plant relatively small areas ( 2 to 3 ha) but 
would not be able to if the minimum area planted under the program was larger than say 5 
ha. Joint ventures with government forestry agencies require 10 to 20 ha minimum. In 
Queensland, a joint venture tree plantation requires a minimum of 10 ha. The lack of firm 
commitment by landholders to participate in joint ventures in Queensland and New South 
Wales, maybe partly caused by this requirement. 
Results indicate that both local governments authorities survey findings and landholders 
strongly favour mixed species rather than monoculture plantings and favours rainforest 
trees species. However, landholders, as opposed to the LGAs respondents, appear less 
interested in economic returns and are strongly motivated by environmental benefits. For 
instance, land and water protection, wildlife habitat and landscape aesthetics rank highly 
amongst landholders. These differences may in part be due to lack of any systematic 
economic evaluation of non-market benefits for LGAs, and lack of financial models to 
predict private profitability of rainforest plantations for landholders. 
8.5 Summary 
The purpose of this chapter was to identify the most important benefits (private and social) 
and costs that landholders perceived in the Community Rainforest Reforestation Program. 
In carrying out this task, a profile of landholders in the tree planting program and their 
attitudes towards tree planting have provided a better understanding of their motivations 
for becoming participants in the CRRP. 
These motivations to plant trees are to some extent consistent with other landholders 
surveys reviewed in this chapter. Some differences emerge because the present survey is 
wider in its spatial scope than the surveys reviewed and the present survey differentiates 
between private and social benefits. 
With regard to social benefits increasing employment prospects in the shire, establishing a 
cabinet timber based industry, decreasing the greenhouse effect, future decrease of timber 
imports and increased community awareness of environmental issues ranked in the first 
five preferred by landholders. 
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With regards to costs of and other impediments to reforestation, the survey found that time 
restriction (limited time to care for larger areas of plantation), lack of land available for 
more planting, costs of land preparation, costs of maintaining the trees and inability under 
current laws to have the trees planted classified under 'forest plantation' for tax purposes 
were the major issues which deterred landholders from planting larger areas with trees. 
However, given the income and age of the respondents, physical assistance and time 
constraint in planting and maintaining a tree plantation is what most landholders 
considered they needed. In this respect, the success of the CRRP in recruiting landholders 
has been due to this crucial physical assistance and the flexibility of choosing native tree 
species. The fact that almost 63% of respondents would have planted, even if they did not 
have had the choice of selecting their preferred tree species, suggests that if physical 
assistance is provided landholders are willing to allocate areas for tree planting and for 
timber production. 
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Chapter 9 
THE COST-BENEFIT ANALYSIS FRAMEWORK AND ITS 
APPLICATION TO ESTIMATE MARKET AND NON-MARKET 
BENEFITS AND COSTS OF THE CRRP 
One of the main aim of the thesis is to estimate the socio-economic returns of tree planting 
under the CRRP and to include benefits that are not traded and excluded in the estimation 
of the economic returns of tree planting. The inclusion of non-market benefits will also 
provide in dollar terms for the first time in the Australian context, what is the magnitude of 
these benefits for new tree plantations and how they compare with the timber benefits. The 
objectives of this chapter are to present the cost-benefit methodology and to identify the 
techniques used to assign dollar values where economic benefits and economic costs are 
unpriced or diverge from market prices. These divergences are at the basis of differences 
between financial analysis and economic analysis. The sum of all the economic benefits or 
total economic value (TEV) less the economic costs derived from the CRRP provides the 
net economic value of the CRRP plantations to Queensland. 
Section 1 explains the concept of the TEV. The purpose of applying the TEV concept to 
this study is to identify which value categories are present in the CRRP and of those which 
category of benefits should and can be valued in dollar terms and included in the cost-
benefit analysis (CBA). The categories of values identified as making up the TEV also 
assist the author in selecting the techniques for benefit valuation. In Section 2. the CBA 
framework is presented and the distinction between financial and economic analysis is 
discussed. In Section 3, the conversion of financial values into economic values is 
examined. Section 4 discusses briefly the valuation techniques to estimate unpriced costs 
and benefits. Section 5 presents in broad terms the techniques to be used to estimate the 
benefits identified as important in the CRRP. Section 6 discusses how economic costs and 
economic benefits are integrated into the CBA framework to obtain the net present value 
for the program. Section 7 discusses two of the most important assumptions of the model, 
relating to timber prices and discount rates. This is important because an essential 
component of CBA is the use of discounted benefit flow analysis in which economic 
Since the non-market benefits are not associated with any "cash' transactions, ihe author believes that 
a more suitable term would be 'discounted benefit flow' (DBF) as opposed to discounted cash flow 
(DCF) used in financial analysis. 
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performance can be measured in terms of a number of criteria, including net present value 
(NPV) and economic internal rate of return (EIRR). Section 8 provides a summary of this 
chapter. 
9.1 The Concept of Total Economic Value 
Much of the recent literature in the area of environmental economics has been devoted to 
the development and refinement of new methods for estimating monetary values where 
there is no market for the good or where the existing market values fail to reflect the total 
value, as with the case when externalities arise from production. Environmental resources 
contribute value not only to those agents who use the resource, but also to non-users, who 
may benefit from an improved environment. 
In an ideal world, any decision affecting the resource valuation exercise should include all 
use and non-use values, whether there is an actual monetary value in evidence or not. 
Economists refer to this as total economic value (TEV). There are different bases on which 
these values may be classified. A widely used classification of values adapted here from 
Pearce and Moran (1994, p. 12), is: 
TEV = UV + NUV = (DUV + IUV + OV + QOV) +• (BV t XV) 
where UV are the use values, NUV the non-use values, DUV the direct use values, IUV 
the indirect use values, OV the option values, QOV the quasi-option values, BV the 
bequest values and XV the existence values. 
The CRRP has benefits that have been identified in Tables 8-6 and 8-7 ol~ the previous 
chapter. These benefits can be categorized under the components of TF.V". as presented in 
Fieure 9-1 and discussed below. 
It should be noted that the TEV concept is limited to antluopoy,cnic values only hi other words, the 
value of a resource is viewed purely in terms of values to humans. Some people would argue thai non-
anthropogenic values should also be accounted for, in acknowledgement that the environmental nood 
contains inherent value over and above what humans might consider valuable In this thesis, the 
discussion is limited to anthropogenic values. 
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9.1.1 Direct use values 
Direct uses values of forests usually include values of the most obvious and important 
market uses such as timber (a consumptive use) and recreation (mainly a non-consumptive 
use). Other direct uses may in some instances include collection of seedlings and 
mushrooms. Figure 9-1 includes many other direct use values associated with the CRRP, 
although some could be considered as being indirect use values. This would depend what 
the intents of the landholders are. 
9.1.2 Indirect use values 
Indirect or passive use values include ecosystem services such as storm surge protection, 
arresting soil erosion, wastewater purification when planting occurs in riparian zones, and 
carbon sequestration. 
9.1.3 Option, quasi-option and bequest values 
Option values and quasi-option values are becoming recognised as a significant form of 
benefit from environmental resources such as forests, as a source of pharmaceutical and 
medical values. An option value is the value attached to keeping alive the possibility of one 
day being able to benefit from potential use values of the resource. There are uncertainties 
about the possible future discoveries and bio-technological advances to be gained from 
ecosystems, which will be lost if irreversible loss of ecosystem is allowed to occur. 
Therefore there is value gained by delaying any action or decision that could cause 
irreversible degradation. Economists recognize this as quasi-option value 
A particular case of option value is the bequest value. Where the satisfaction is attributable 
to altruistic motives in the sense that the individual values the continued existence of the 
resource for the future possible benefit from its use by others unknown to ihem, or for their 
own future progeny, the unborn, the value is named bequest value Closeh related to the 
concepts of option and quasi-option values arc the concepts o\' uKcertaum and 
irreversibility. 
9.1.4 Existence values 
Existence values are values that recognize that individuals may derive value from an 
environmental good even though they accept that they will probably never get to use' or 
'consume" that particular good. For example, individuals are prepared to commit money to 
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the conservation of rainforests for no other reason than their belief that they ought to 
remain in existence. 
Survey-based studies in Australia support the view that many individuals derive a benefit 
in the form of existence value or bequest value and for these reasons are willing to commit 
financially to their conservation. Plantation forests such as the CRRP might have bequest 
values, although the legacy for children can also be classified as an option value. The 
author could not find in the environmental literature any estimates of existence values for 
Australian plantation forests. 
While this classification is helpful in its attempt to capture all benefits that constitutes the 
TEV, the many benefits identified, if they were valued in money terms, could lead to 
double counting. For instance, a decrease in erosion or fertilizer application rates would be 
reflected in decrease siltation and water contamination of watercourses and the Great 
Barrier Reef Similarly the benefits of shade and windbreak can be reflected in increase in 
milk yield and in crop production respectively. However, shade and windbreak, especially 
near a watercourse can enhance an area for camping, fishing or other recreational 
activities. 
Most direct use values are private' benefits except for the research benefits and skills 
learning which are 'social' benefits while most indirect use values have an important social 
benefit component as well as a private benefit component. For example, "storm surge 
protection' protects not only the property where the trees are planted (on-site) but also may 
protect other properties (off-site). The research and learning skill benefits have been 
included as direct use values, because these elements were important elements m setting up 
the CRRP. 
9.2 Methodology for the Study 
At a conceptual level, in CBA costs and benefits of a project or a program are brought 
together to provide an estimate of their contributions to an enterprise or a program. The 
costs are recorded as they occur and similarly for the benefits. The annual difference 
between the two sets is a loss or a gain depending of which is the highest total However, 
difficulties appear at three levels. Al a first level, the meanings of cost and benefit need to 
be defined and this definition relates to whom and for what purpose the CBA is 
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undertaken. At a second level, difficulties arise because project and program costs and 
benefits occur over time with most costs incurring immediately and most benefits 
occurring in the future. For comparison between the two sets to be meaningful, the dollar 
values applying at various times must be brought to a common point of reference. To be 
able to compare the dollar values of the two sets with each other, discounting has to be 
introduced into the analysis. At a third level, some costs and benefits may not have market 
prices or those prices may be distorted because of government interventions or market 
failure and therefore the true economic costs or benefits must be estimated using various 
valuation techniques. 
The following sections discuss these three levels of difficulties and how they are dealt 
with, in the study. 
9.2.1 Definitions of costs and benefits in cost-benefit analysis 
A CBA can be conducted from a private project perspective or from a community or 
society perspective, and environmental benefits and costs can be included in both. The 
perspective that one takes defines the costs and benefits that are included in the analysis 
and also how these costs and benefits are to be estimated. When costs and benefits are 
estimated from a project or a cash-flow perspective, the analysis is called financial analysis 
and when taken from a social perspective, the analysis is called economic analysis 
However, it must be noted that even in an economic analysis, the economic cost defined as 
'the total cost of an activity is the sum of the private and social costs' (Markandya and 
Pearce, 1989, p. 1139). For example, the costs of provision of seedlings, costs of planting 
and maintenance for the first three years after planting in the CRRP arc social costs (since 
they are incurred by governments, while the time spent by landholders to prepare the land 
for planting is a private cost. Under ideal conditions everywhere, 'market prices would be 
identical to relative social valuations, so that in no case would there be any difference 
between the outcome of an appraisal of a given project conducted by a firm or conducted 
by an agency concerned with the interests of society as a whole' (Common. 1988. p. 269) 
However, this would require the assumption that all externalities are traded in markets 
It is to be noted that when large private projects are proposed, the project proponents may have to 
undertake a socio-economic analysis to satisfy various regulatory requirements or to obtain government 
assistance generally 
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which is a totally abstract and unrealistic situation. The differences that emerge in 
imperfect markets in practice between the two types of analysis are now discussed briefly. 
a) Financial analysis 
Financial analysis assesses the commercial profitability of a project from the perspective of 
a project developer, a program manager or a landholder. The level and timing of cost 
recovery from the project and the projected return on the investment are estimated. Only 
the financial costs and financial revenues attributable to the project are considered in the 
estimation of project benefits. 
Financial analysis begins with an identification and measurement of the costs, revenues 
and cost savings, measured at market prices, that are directly associated with a project. 
Annual cash flows for a program or project are estimated that incorporate all the future 
receipts and expenditures expected over a project's lifetime, including any expenditure that 
will be required for environmental mitigation. The financial assessment comprises a 
discounted cash flow (DCF) analysis of projected costs and benefits. In summary, 
financial analysis deals only with all the costs and benefits that have a market price and 
that affect the cash flow and profitability of a project. 
b) Economic analysis 
Economic CBA measures the economic efficiency of a project from the perspective of 
society, where society is usually represented by the country, the state or the region, m 
which the project is located. A project's net economic benefits are the difference in 
economic efficiency that is expected to emerge, between the proposed uses and the existing 
uses of a resource or alternative uses of the resource. The costs are represented by the 
value to society of the current consumption foregone by investing in the project, while the 
benefits are measured in terms of the value to society of future consumption, that are 
expected to result from the project. In other words, the prices used are not those prices thai 
the project entity would pay for inputs in the market place, or as set by government, but 
From a social perspective, economists label CBA 'economic' CBA, 'social' CBA or extended' CBA 
Niskanen (1995) separated the environmental economic analysis from his economic analysis 
Drawing a distinction between economic analysis and environmental economic analysis is 
unnecessary. This label entrenches the idea that inclusion of environmental costs and benefits in the 
economic analysis is optional. Where environmental costs and benefits arc identified, those should be 
included in all economic CBA as a matter of fact and not as an option, once dollar values have been 
assigned to them. 
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rather as the opportunity costs of resource use (Sinden and Thampapillai, 1995, p. 51). 
This was enshrined by the US Office of Management and Budget in its Circular No. A-94 
(October 29, 1992, p. 4) which states that 'social net benefits, and not the benefits and 
costs to the Federal (or State) government, should be the basis for evaluating government 
programs or policies that have effects on private citizens or other levels of government'. 
Thus, social benefits and social costs refer to benefits and costs that are not necessarily 
borne by the project developer or program manager and therefore may differ from market 
costs and market benefits included in a financial analysis. 
The following sections discuss how costs and benefits are treated in the economic analysis 
in this thesis. 
9.3 Treatment of Costs and Benefits in Economic Analysis 
In most CBAs, resource costs (inputs) and benefits (outputs) estimated in a financial 
analysis can be directly used in the economic analysis if the markets from which the inputs 
and outputs are bought or sold, are competitive markets (e.g. free of subsidies or taxes, no 
cartels). Any divergences between the financial costs and the economics costs are caused 
by distortions in the domestic markets or by distortions in the international market. The 
adjustment of the financial costs of inputs from a financial analysis into economic costs as 
well as obtaining market prices for benefits that have no markets but close substitutes is 
referred as shadow pricing. 
9.3.1 The treatment of costs in economic analvsis 
In economics, three major factors of production - capital, land and labour - contribute to 
the production of goods and services, although the proportions of each factor of production 
differ from goods to goods and from country to country depending upon which factor holds 
a competitive advantage. Factor scarcity and entrepeneurship (decision by industry 
willingness to invest and take risks) determine the type of products and services that will 
be produced or which factor will be dominant in the production process. 
a) Treatment of capital costs in economic analysis 
Capital is formed from saving and borrowing and is used to purchase the necessary 
material and skills to deliver a good or service. Capital is used to purchase material goods 
such as the production plants (in manufacturing), or offices, the technology (e.g. tractors) 
and seedlings in agriculture and forestry as well as other inputs. The capital market is 
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highly competitive in Australia and no adjustments are required. The cost of capital is 
therefore the cost of borrowing. 
b) Treatment of land costs in economic analysis 
Land is an essential input to deliver agricultural products, to provide industrial and urban 
sites and environmental sites. Economic analysis considers only the opportunity cost of 
land as the relevant input to a CBA and not its financial cost. The opportunity cost of the 
land is defined as the earning capacity of the land in its best and available (or likely) use. 
c) Treatment of labour costs in economic analysis 
In die financial analysis of a project, money wages (and otiier benefits) paid to employees 
are treated as the financial price of labour. Adjustments to market prices based on shadow 
prices are required to bring the private costs into line with the economic costs. The 
resulting price of labour is referred to as the shadow wage (shadow price of labour). The 
shadow wage rate (SWR) is 'an estimate of the economic price of labor' (ADB, 2002, p. 
54). In general terms, the wage to be included in an economic CBA is the shadow wage 
which is defined as 'the difference between the wage actually paid to a worker and the 
opportunity cost of their time; this difference provides an estimate of the social cost of that 
particular input' (Markandya, 2000, p. 2). An earlier but more extensive discussion of 
shadow pricing is given in Ray (1984). Sinden and Thampapillai, (1995, pp. 78-79) 
summarised how wages should be treated in economic analysis: 
• When labour for a project displaces existing employment, it should be 
valued at the existing wage inclusive of taxes included in that wage. 
• When labour for a project was previously unemployed and when leisure has 
value, the minimum shadow price of labour is the unemployment pay. 
• When labour for a project was previously unemployed but received an 
unemployment benefit and when leisure has a value equal to diis benefit, the 
shadow price of this labour is zero. 
For example, die 'net social cost of labour is zero if labour receives a social security 
payment which is equal to the mean value of its leisure' (Sinden and Thampapillai, 1995, 
p. 182). 
Anotiier economic cost which often arises in economic valuation relates to unpaid labour. 
In some instances, landholders in the CRRP spent time in preparing the land for planting. 
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The opportunity cost of their time could not be estimated1 directly for this study. 
However, since a proportion of landholders had their land prepared by CRRP crews, the 
CRRP costs for land preparation for those who prepared the land memselves are assumed 
to be equal to the average economic costs of labour for land preparation undertaken in 
these other CRRP sites. 
9.3.2 The treatment of benefits in economic analysis 
The treatment of benefits in economic analysis is similar to the treatment of costs. While 
benefits are reported at their market prices in financial analysis, in economic analysis any 
domestic taxes and subsidies (i.e. transfer payments) have to be removed. Furthermore, if 
a good or service is traded on the world market, die world price should be the shadow price 
for mat good or service. When, as is often die case for environmental goods and services, 
there are no market prices, various techniques have been developed to estimate their 
values, as discussed below. 
9.4 Methods to Value Unpriced Benefits 
An issue to solve before carrying out an economic analysis is to select valuation methods 
for assigning dollar values to the benefits for which mere are no market prices. 'Unpriced 
benefits and costs change net benefits to society, and so should be valued and included' 
(Sinden and Thampapillai, 1995, p. 87) in an extended CBA. The different types of values 
that are to be estimated imply tiie need for a variety of valuation methods, which are 
discussed here in broad terms. Theoretically, tiiere are two possible approaches to 
economic valuation: the production approach and the utility approach. Both approaches 
in turn encompass a wide range of techniques designed to assign dollar values to unpriced 
environmental goods (and bads) and services. 
9.4.1 The production approach 
The production approach estimates value by gauging the contribution of the resource to 
the output derived from its use (direct or indirect) by those who rely on it for the 
The question of how much time and private expenditure (e.g. diesel), landholders spent on land 
preparation, was not asked in the landholders questionnaire. The time taken by landholders to prepare 
the land would vary with the landscape (e.g. slope of the land being prepared) and existing land cover 
(e.g. did the land required clearing). The opportunity cost of landholders who prepared the land 
themselves is likely to be leisure, since they would not divert their time from other productive and 
perhaps more pressing farm activities. 
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production of goods or services. For example, how much value added generated by 
individuals and businesses is attributable to the existence of a project or program. This 
approach is most readily applicable to direct, market-based natural resource uses such as 
tourism, fish harvest, and mining extraction. 
9.4.2 The utility approach 
The utility approach estimates value by ascertaining how much individual 'consumers' of 
an ecosystem gain from their use or non-use of the ecosystem The concepts of 
willingness-to-pay (WTP) and consumer surplus are essential constructs to assess the net 
benefit to a consumer from the consumption of a good or service. The consumer surplus is 
the aggregate difference between what consumers are willing to pay less what they actually 
pay. If there is no market, a relationship between price and quantity demanded from 
market information cannot be observed or derived. If a regular demand curve for the use 
of a public good exists but the amount actually paid to use it is zero, the consumer surplus 
(net consumer benefit) is given by the entire amount of the WTP. 
9.4.3 Overview of valuation techniques 
The first attempts to estimate economic values on physical measures of environmental 
qualities were carried out by Kneese (1964), ICrutilla (1967) and Kjutilla and Bovver 
(1968). Methods recently used to value the environment include the travel cost methods 
(TCM) (e.g. Garrod and Willis, 1992; Bennett, 1995; Gillespie, 199": Driml. 2002). the 
choice modelling method (e.g Garrod and Willis, 1997, Rolfe and Bennett, 2(«t2)) and the 
contingent valuation method (CVM) (Hanley and Ruffel, 1992; Lock wood <./ al.. 1993; 
Lock wood et al., 1994). 
In the past few years. Australia's interest in estimating the values of iorestrv assets other 
than timber has focused on recreational values in National parks (Llph and Reynolds, 
1981; Lockwood et al., 1992; Lockwood et al., 1993; Bennett, 1995; Gillespie. 1995; Beal, 
1995a. 1995b; Blackwell, 1995; Blackwell and Asafu-Adjaye. 1997; Driml, llW7; Pearce, 
1997, Driml, 2002). Other studies, especially in North America have estimated the value 
A full review of the methodologies to evaluate non-market benefits was undertaken bv Aylwar ci al 
(1994) from the International Institute for Environment and Development (IU:D) in the context of 
tropical forestland. DEST (1995) has also published a handbook on the various techniques available 
to value environmental resources. Eono and Driml (2002) are also currentlv developing a guide on 
environmental economic evaluation for use by Queensland government agencies 
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of specific wildlife types, for example the Northern Spotted Owl (Hefiand and Loomis, 
1991; McKillop, 1992). Figure 9-1 presents the various approaches and the techniques 
used to obtain dollar values to incorporate in a CBA. 
The strong interest on non-market benefits and costs has brought under scrutiny the 
methods used to evaluate them. The estimation of passive use values and the techniques to 
estimate them had been recognised by US Courts under the Clean Water Act and the 
Environmental Response, Compensation and Liability Act (CERCLA), and the provision of 
these Acts were upheld in Ohio vs Department of the Interior in 1989 . However, 
probably because of its use in the US Courts and what seems to be the high values of 
passive uses affected by the Exxon-Valdez disaster in 1989, the contingent valuation 
method (CVM) came under intense criticism by Exxon-Valdez lawyers for overvaluing 
non-market benefits. Arrow et al. (1993) after reviewing CVM developed a set of 
guidelines to follow to overcome the issue of bias. However, the view that CVM 
overvalues non-market benefits is not shared across the economics profession. For 
instance Knetsch (1993, 1997) considered that CVM understates non-market benefits 
because CVM requires respondents to reveal their willingness to pay rather than their 
willingness to accept compensation. Another issue with CVM is that the same 
environmental goods valued by different authors using this method resulted in different 
values. Diamond et al. (1993) conducted several parametric tests to determine whether 
substitution effects could explain these differences. They argued that difference m results 
arise from a 'warm glow' effect, where respondents feel a sense of improved well-being bv 
contributing to a good cause. 
The difficulty with CVM is to provide as much information as possible to the respondents 
so they have a thorough understanding of what they are purchasing or bidding for More 
importantly, respondents seem to attach the same value to a 'whole' and to elements' of a 
whole. This was the finding of a survey undertaken by Knetsch (1993) in British 
Columbia. This finding was confirmed in another survey set in the different context of 
individual landholders in Wales by Samuel et al. (1996), whereby landholders valued then 
Ohio vs Department of Interior, 880 F.2d 432, D.C. 1989. See also State of Utah vs Kamccou 
Corporation, N. CIV 86-0902G, United States District Court, D. Utah. September ?. 1992. 
Memorandum Decision and Order. 
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own forests as a whole and valued separately the non-market benefits derived from these 
forests. 
Other means of estimating the value of unpriced environmental goods and services include 
choice modeling (CM), an alternative method to CVM that overcomes the pitfalls 
mentioned above by setting scenarios of various trade-offs that respondents select. The 
travel cost method (TCM) is widely used to value the recreational component of user value 
of an environmental good. 
Figure 9-2 presents the various methods of valuations which are commonly used and 
examples of environmental goods and services that have been valued with these 
techniques. Furthermore, each method suits particular market 'models'. The market-based 
price model is self-explanatory. The metiiods (e.g. preventative expenditure method, 
replacement cost method) classified under this model are used to estimate at market prices 
how much it will cost to replace an environmental asset (e.g. a wetland) or to prevent the 
degradation of an environmental asset. 
In surrogate markets, the value of the environmental good or service is estimated by 
observing the change in the value of a marketed good. For example, an increase in noise 
level or degradation of air quality can be valued by identifying the change in house prices 
affected by the noise or air quality degradation and excluding all other possible factors that 
affect house prices. The techniques used are the hedonic price method and the travel cost 
method. The hedonic price metiiod was recently applied by Pearson, Tisdell and Lisle 
(2002) in Queensland to estimate the impact of Noosa national park on surrounding 
housing values. 
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Figure 9-2: Methods and Techniques of Valuation of 
Environmental goods and services 
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Simulated markets are markets are hypothetical markets, and they can be purely 
experimental (e.g. computer simulated) or survey-based, where people are asked to know 
what they would be willing to pay for an environmental good or service (e.g. contingent 
valuation method) or for each item in a particular combination of trade-off (choice 
modeling method). 
Market prices and surrogate market prices are obtained by observing economic agents 
'reveal' their preferences while simulated markets prices are obtained by asking economic 
agents to 'state' their preferences if a market existed. 
The Delphi method and the citizen jury method are methods that involve a process of 
iterations between a group of experts (Delphi method) or a group of stakeholders (citizen 
jury) and the analyst, not necessarily to obtain a dollar value for a particular environmental 
good or service but to obtain a consensus. Citizen jury is becoming popular in the area of 
river catchment management, while the Delphi method is used where the nature of the 
environmental good or service requires high technical knowledge. The Delphi method 
was used to estimate the growth rate of native and tropical species in the CRRP because of 
a lack of published data and lack of growth information on many of the tree species 
planted. 
9.4.4 Benefit transfer methodology to estimate unpriced values 
The use of benefit transfer methodology (BTM) to estimate values ot non-wood forest 
benefits (NWFBs) is appropriate when the benefits to be valued do not or did not exist 
because the resource does not exist (Cook and Harrison. 1999) and when valuation would 
be too costly or time-consuming. The values of these benefits mav be inferred from 
previous studies undertaken in regions similar to the one under study. 
The validity of the BTM is not universally accepted although the method is widely used. 
Morrison et al. (1998) tested ability to transfer estimates of environmental values for 
wetland quality derived from choice modeling. Two types of benefit transfer were tested 
benefit transfer across sites, and benefit transfer across populations. The authors found 
that 'overall, transfers across sites tended to be less problematic than across-population 
The survey was carried out by Herbohn at at. in 1995 and the results of the survey are reported in 
Herbohn ei al. (1999) 
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transfers', and that the 'main implication from their study is that transfers between urban 
and rural populations are likely to be much more problematic than transfers across sites for 
a given urban population' (Morrison et al., 1998). 
9.5 Techniques Used to Estimate Wood and Non-Wood Forest Benefits and Costs 
in the CRRP 
A literature search by the author revealed that previous published studies such as valuation of 
NWFBs on private plots of land are recent and limited to a few studies in Wales (Samuel et al., 
1996) and Finland (Kalio, 1996). An evaluation of profitability of forest plantations using both 
conventional and extended cost-benefit analysis was earned out by Niskanen (1995) in the 
Philippines and by Walshe and Daffem (1995) in Great Britain. North-American studies have 
focused on the behaviour of non-industrial private forest (NCPF) growers whereby the values of 
the non-market benefits held by the growers were reflected in the length of the rotation period 
(Hartman, 1975) and Bowes and Krutilla study (1989) developed a theoretical model that 
included NWFBs to determine the optimal choice of wood products and non-wood forest 
benefits. More recent studies include the valuation of non-market benefits in native forests 
(van Kooten, 1993; van Kooten, 1994; Thompson et al., 1994) and various studies summarised 
in Pearce and Moran (1994). However, these estimates were used for comparison with the 
potential timber benefits and not incorporated in a CBA framework. 
The surveys undertaken by the author and reported in the previous two chapters identified 
the most important economic benefits provided by the CRRP. These benefits included 
increase supply of hardwood, inter-industry flow-on benefits, water qualm improvement, 
carbon sequestration benefits and conservation benefits as well as benefits derived from 
training, research and education. 
An economic model of forestry plantation has been developed by the author. The model is 
composed of six sub-models designed to estimate (1) plantation establishment and 
maintenance and harvesting costs, (2) timber revenue, (3) (low-on benefits, (4) carbon 
sequestration benefits, (5) water quality improvement and (6) other benefits (education, 
training and 'conservation'). These benefit categories selected for estimation were based 
on importance ratings of stakeholders, and ability to make estimates of them given the 
time, budget and data availability limitations of the study. The techniques to assign dollar 
values to these benefits are briefly described below. The benefits to be estimated have 
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direct and indirect use-values except for 'conservation' which can be considered as a 
bequest value (named 'legacy for future generations' in Figure 9-1. 
9.5.1 Technique to estimate timber benefit and economic flow-on benefits in the CRRP 
For valuing the timber benefits, the market price of hardwood timber in Australia is used. 
In an economic analysis, the timber price should be the price of imported timber of the 
same quality. However, Australia also exports timber, for example acacia timber to the 
Philippines at US89/m3 (Niskanen, 1995, p. 99) or AU$148/m3 (1992 prices with US$1 = 
AU$ 0.60) including cost of freight and insurances with a market value after wharf, storage 
and regional transport costs but before local transportation of approximately AU$ 176. For 
mahogany, Niskanen (1995, p. 99) estimated die market value of that timber at AU$221. 
In 1996-97, log exports of roundwood1 from Australia were worth AU$53 m free on board 
(f.o.b.) and the quantity exported was 615,000 m3 (Bathi, 1998, p. 20) or an average of 
$86/m3. Since timber prices for each category of timber vary with grade in quality and 
wim tree species and price data are not available for each type of timber imported or 
exported, an average price for the timber produced by each tree species groups is instead 
adopted in the diesis. This was also die method employed by Walshe and Daffem (1995, p. 
162) to carry out the economic CBA of tree planting in Great Britain. 
The stumpage price for private landholders in Queensland is competitive and must 
compete not only with imports but also with timber produced in New Soutii Wales, 
Victoria and Tasmania. Timber prices at stumps were provided by DPI-Forestry 
(Anderson, 2000) and Herbohn et.al. (1997) and the cost of logging and transport to have 
the value of timber at the timber mills' gate were obtained from Stewart and Hanson 
(1998). The economic benefit of timber production will therefore differ from the decrease 
in timber imports, although the author expects this difference to be small. The author 
assumes that the private benefit to landholders, loggers and carriers will be equal to the 
social benefits (increase in export or decrease in import of the same dollar magnitude). 
The flow-on benefits are valued by transferring the income multipliers obtained by Todd et 
al. (1997) for the Oberon rural economy in New South Wales. 
1
 Roundwood includes 'sawlogs, veneer logs, fence posts, piling, pitprops and pulpwood,; in round and 
quarter split; treated an untreated; with paint and preservatives; with or without bark; and in the rough 
or roughly squared' (Bathi, 1998, p.20). 
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9.5.2 Technique to estimate carbon sequestration benefits in the CRRP 
Benefit transfer of the shadow price for carbon was used to assign dollar values to the 
carbon sequestration benefits. Shadow pricing is used to value the benefit of carbon 
sequestration, by using an hypothetical market in carbon. Two approaches are possible in 
estimating the economic benefits of carbon sequestration by plantations. One is the 
benefits of reducing the damage costs of carbon released to the atmosphere (Fankhauser, 
1995). In a study of benefits of forest conservation in Papua New Guinea, Hunt (2002) 
adopted the damage cost approach because it was unlikely that a carbon market would 
function in that country. The second is the benefit received from a notional carbon market, 
which is the approach adopted in this study. Either way (using shadow pricing of an 
hypothetical carbon market or the damage cost approach), the benefit of carbon 
sequestration is an economic benefit, although if a carbon market existed, the benefits 
would be private, while in the damage cost approach, the benefits would be social. 
9.5.3 Technique to estimate improvement in water quality and water quantity due to the 
CRRP 
The improvement in water quality are estimated by using the preventive expenditure 
approach, whereby the savings in water treatment costs and increase in water quantity are 
taken as proxies for that benefit. The benefit transfer method is used to estimate the value 
of additional water. 
9.5.4 Technique to estimate conservation benefits in the CRRP 
The 'conservation' values of the areas that are assumed not to be harvested are at least 
equal to the costs of planting the trees funded by government and therefore reflecting the 
society's preference (a lower bound estimate). The economic value of timber foregone by 
landholders provides a medium bound estimate. This is the estimate that will be used in 
the diesis. A higher bound estimate would include costs of planting, revenue foregone by 
landholders, loggers, transporters and timber mills. 
9.5.5 Technique to estimate research, education and training benefits of the CRRP 
The benefits derived from research could not be estimated. For education and training, the 
author assumed that the benefits were equal to their costs (a lower bound estimate) and 
these two benefits will be dealt separately from the research component. 
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9.6 Integration of Economic Costs and Economic Benefit Into the CBA 
Framework 
Since the CRRP is a one-off program, some of the species planted have long rotations, and 
whether landholders will replant after final harvest is uncertain, the net present value 
(NPV) was chosen as a performance criterion. The NPV takes account of both timber 
production and non-wood forest benefits (NWFBs): 
NPv = -E+Y RW{l-i}' +y ™ L - y _ c _ (i) 
^ (l + r) ' ^ (l + r)' ^ (l + r)' 
where NPV is the net present value of wood and non-wood benefits ($/ha); 
E are the establishment costs ($/ha); 
RW, is revenues from timber timber sales in year t (t = 20, 30, 40 and 50) ($/ha); 
BNWt are non-wood forest benefits ($/ha); 
C are annual recurrent and non-recurrent costs ($/ha); 
r is the real discount rate expressed as a decimal value; and 
i is annual increase in stumpage price expressed as a decimal value 
The time base for discounting is 1 July 1993 (approximating the commencement of the 
program), and NPVs are adjusted to 1 July 2001. 
The NWFBs to be included in Equation (1) are carbon sequestration benefits, water quality 
and water volume benefits, conservation values and education, training and research. 
Benefits. 
While the above model satisfies the requirement of foresters in terms of wood production, 
this formula also takes into account die non-wood benefits. The differences with previous 
studies (for examples those of Bowes and Krutilla, 1989 and van Kooten, 1994) is that the 
present study does not seek to optimize rotation length or any particular trade-off with non-
wood benefits, but to estimate the economic returns of a reforestation program with given 
rotation length and growth rates. To reach this objective, BNWt could be a summing up of 
the benefits derived from carbon, water improvement or any other selected NWFBs 
derived from timber plantations. 
9.7 Assumptions of the Economic Model 
The model developed makes two main assumptions. The first relates to die price of timber 
and the second relates to the discount rate. The following two sections expand some of the 
points made earlier in this chapter. Growth rates and rotation length are not discussed 
because they are given. 
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a) Assumption about timber price 
Constant prices are used and the discount rate is net of inflation. This assumes that all 
benefit-flow items change in price over time at the same rate. However, an exception is 
made in the case of timber prices, to allow for increases over time in real prices. Timber is 
a world traded commodity, therefore even if some small quantities of hardwood timber 
could find a niche market at a local or regional scale, thus attracting premium prices, large 
quantities supplied (e.g. from other tree programs or joint-ventures) would bring these 
premiums back to the prevalent price at the time of sale . It could be argued that past 
prices should provide a sound guide to future prices, even over a long period. However, 
domestic price forecasts assume that the market determines these prices. In most 
instances, mis has been true for the Australian timber market in the past whereby timber 
prices were set by State Forestry Agencies (SFAs). In the past few years, SFAs have 
become more market orientated but stumpage prices are not available, except for Forestry 
Tasmania which publishes stumpage prices in its annual reports, hence there is not enough 
data for the author to forecast stumpage. For commercial reasons, State Forest Agencies 
and the buyers do not publicly disclose stumpage paid or received for logs. The 
Department of Forestry of the Australian National University (ANU) since 1997, has 
published , through the RTRDC, a regular market report for farm forestry to assist small-
scale growers. However, the price data reported in these reports are sketchy, and no price 
data are provided for Queensland. 
Further complications are raised when logging companies or mills have confidential fixed 
price long-term contracts so as to secure supply and secure their return on capital invested. 
For independent landholders on small properties, with little or no bargaining power, there 
is evidence that the stumpage prices obtained are lower than those obtained by industrial 
timber producers (Newman and Wear, 1993). 
Various factors that may explain these differences in stumpage prices relate to the 
behaviour of non-industrial private forest owners (Newman and Wear. 1993). The 
differences in relative output reflect differences in management approach between the two 
In this respect, it is the intention of the Queensland government to create large hardwood plantations. 
Two compelling reasons for this intention to materialise are the commitment by the government to 
provide work for any forest workers retrenched as an outcome of the Regional Forest Agreement 
(RFA) process now taking place, and the potential to obtain carbon credits by private companies to 
match their C02 emissions. 
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types of ownership. Industrial forest lands, held by firms which also own wood processing 
facilities, are managed almost exclusively for timber production. On non-industrial private 
forest land, however, the production of NWFBs may be of equal or greater importance than 
the production of timber (Hartman, 1975; Binkley, 1981; Boyd, 1984, Pearce and Moran, 
1994). This often made comment about NWFBs was a motivation to carry out this work 
and test if uiis proposition is confirmed in the context of the CRRP planting. 
Different management techniques, skills and knowledge may also result in a lower quality 
of timber grown by small-scale tree growers and therefore attract a lower stumpage price. 
Economies of scale may also affect the stumpage price paid to landholders. For example, 
Forestry Tasmania, a large supplier of logs in Tasmania 'due to economies of size 
generally receives higher stumpage dian small scale growers there' (RIRDC, 1999, p. 17). 
There is no reason to assume mat all the above factors affecting stumpage for small-scale 
tree growers are not present currently in Queensland. 
Annual price changes in timber are often expressed in terms of relative stumpage price 
(Appendix D) as well as real stumpage price. The relative stumpage price refers to the 
timber prices in real terms relative to other crop prices also in real terms. Real stumpage 
price refers to real price increase of timber compared to previous timber prices. For 
example, even if me real price of timber (above the inflation rate) does increase, its relative 
price maybe increasing if the prices of otiier crops are decreasing in real terms. For 
example, even if me real price of timber (above the inflation rate) does increase, its relative 
price maybe increasing if the prices of ,odier crops are decreasing in real terms. The 
relative price worldwide trend 'works out an average rise of 1.5% a year' (Bathi, 1998, p. 
2) between 2000 and 2010. EitJier of these prices, real stumpage price or relative stumpage 
price can provide the necessary information required by landholders in their decisions 
about whemer to invest in tree planting. If other crops decrease in value in real terms, 
there is an incentive for landholders to invest in tree crops, almough landholders will have 
to factor in their decision that over long periods, the real price relativity will change. 
Relative stumpage prices are more useful to landholders that already have tree plantations 
as well as otiier crops, mus giving them die possibility to increase the area allocated to tree 
planting. Relative stumpage forecasts, however, are not appropriate within the context of 
the CRRP because the decision to plant trees has already been made. Forecast of real 
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stumpage price rises or declines are relevant in the economic analysis to determine the 
NPV. 
Another issue relating to stumpage is how stumpage is defined. The stumpage price is 
defined as the price received by landholder after the purchase. Under this definition, the 
stumpage price is derived after die costs of logging and transport to the mill have been 
deducted by the timber mill operators. The stumpage price in this situation is referred to as 
the price of standing timber or 'at die stump'. More often, the stumpage is defined as the 
price of timber at the mill's gate, in which case the cost of harvesting and transport are 
included. For die purpose of this diesis, die stumpage price is the price of timber at the 
mills gate which include logging and transport costs, because from an economic 
perspective, the price of timber to the timber mills is the most important driver since it is 
against this price that timber mills must compete and satisfy demand of final consumers. 
What landholders receive for their timber is affected by the logging and transport costs and 
those are generally not known. 
Sohngen et al. (1999) have predicted how worldwide demand for timber might affect the 
conservation of forests across the world between 1995 and 2135 and in rum how timber 
demand will influence the stumpage. These authors set up two scenarios, in the first of 
which assumes that 5% of North American and European forests will be preserved and the 
second assumes that 10% of the forests will be protected. Under both scenarios, it is 
predicted that the conservation measures considered will increase worldwide timber prices 
by 1% to 2% over 40 years, while increasing timber harvests in other parts of the world by 
1%. In a previous study, Sohngen et al. (1997) analysed die global timber market and 
predicted a real price rise of only 0.42% per year for the next 150 years from 1990 
(Sohngen et al., 1997, p. 23). This prediction for timber prices was subsequently revised 
downward to 0.3% p.a. (Sohngen et al., 1999, p. 1). With the uncertainty attached to the 
timber stumpage forecast, it is more appropriate, in the author's view, to take real price 
changes into account in the sensitivity analysis. 
A sensitivity analysis is carried out with respect to stumpage prices and other key 
parameters to determine the impact on NPV of variations in the assumptions. 
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b) Selection of discount rate 
The discount rate is the device enabling analysts to compare costs and benefits which occur 
over time. Discounting achieves this by bringing costs and benefits to a common reference 
point in time, generally the present. However, it is apparent that changing the discount rate 
affects die net present value (NPV) of a forestry project so dramatically that the decision 
whether to invest or not to invest in a project may be changed. Therefore, this is an 
important element of die economic analysis mat warrants discussion. In a perfectly 
competitive capital market with no distortions (or transaction costs) the social time 
preference rate should equal the social opportunity cost of capital; in other words, all 
projects returns should be equal at the margin. The observed disparity between the two 
rates is primarily a product of the existence of distortions in capital markets, project risk 
and taxation of income (Cline, 1992; Freeman, 1993; Pearce and Ulph, 1995). Therefore, 
for imperfect markets, die rate of discount can be the rate which is used in that particular 
market. For projects undertaken with no market reference rate, the cost of government 
borrowing (its long-term bond rate) may be the reference rate because it is easily observed. 
Since the cost of capital from the government perspective is its borrowing rate, this rate 
should be used. Quiggin (1996) supported this view 
The appropriate method for evaluating public investments and government 
business enterprises is the expected present value of future earnings discounted 
at the bond rate, with the addition of a pure systematic risk premium of less 
man one per cent (Quiggin, 1996, p. 11). 
A risk premium is necessary because of die uncertainty attached to long-term investments 
such as forestry (e.g. risk of fire, pest, or cyclones, all of which can destroy a timber 
plantation). Without the risk premium, investment would not occur in such high-risk 
investments. The issue as to what social discount rate should be used is still a matter of 
heated argument between economists. This topic is discussed at some length in economic 
textbooks dealing with cost-benefit analysis (since Fisher, 1930; Hicks, 1957; Dasgupta 
and Pearce, 1978; Pearce and Turner; 1990; Common, 1995). Issues related to discounting 
across generations are not dealt here, noting simply the claim by Hanley and Spash (1993) 
that discounting over generations involves an ethical ratiher than an economic view. Some 
questions that arise in relation to the discount rate are: 'Should the discount rate be held 
constant?'; 'Should dual rates be used, one for marketed goods and one for environmental 
goods?'; and 'Should the discount rate be lower or equal to zero to encapsulate the 
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unpriced environmental benefits?'. The following sections summarise the pros and cons of 
these alternatives to the discount rate equals to the government long-term bond rate. 
Knetsch (1993, p. 3) argued that 'people discount near-term events at much higher rates 
uian far terms ones'. Previously Thaler (1981) had found that while many people prefer 
$20 today than $21 tomorrow, few would choose to have $20 in a year rather than $21 in a 
year and a day! The evidence suggests mat the rate of discount is not constant but takes the 
form of an hyperbolic discount function that decreases from a relatively high rate and falls 
at a decreasing rate over time (Loewenstein and Prelec, 1991). The problem in using a 
'dynamic' discount rate is diat the functional form of the discount rates path is difficult to 
establish. 
Combination of rates was partly hinted by Baumol (1968) who suggested the use of dual 
rates, one for conservation and one for capital investment. The suggestion to combine 
discount rates or use dual rates is dismissed by Common (1995). 
Low discounting rates and even a zero and negative rates of discount have been suggested 
to reflect the fact that the present value of environmental services provided by 
environmental assets (that will exist over centuries, if they are not destroyed) cannot be 
captured meaningfully with similar discount rates used for human-made goods and services 
(hie existence of which are measured in terms or years or decade). Common (1995) viewed 
arguments about lower discount rates or a zero discount rate for environmental impacts of 
projects as confusing the issues. If environmental impacts are considered to be 
commensurable with other inputs and outputs, dien there is no reason to discount them 
differently, and the issue is to 'value environmental impacts properly prior to discounting' 
(Common, 1995, p. 171). Another and more compelling argument put forward by 
Common (1995, p. 286) is that to use low discount rates to estimate future environmental 
benefits may advantage some projects but disadvantage others that generate environmental 
costs. To be consistent, Common argues, lower discount rates would have to be used for 
environmental costs as well. Dasgupta and Mahler (1994) argued that even with 
intergenerational equity as a goal, the discount rate must be greater than zero in cost-benefit 
analysis. 
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Low discount rates were applied to forestry projects in the past, to acknowledge that 
NWFBs had values excluded from economic analysis. If NWFBs are included, there is no 
valid reason to set a social discount rate. Forestry projects have to compete with other 
projects on an equal footing. NPV is calculated in this thesis by applying a discount rate of 
7%, which in 1993 was the 10-year bond rate in Australia. Rates of 3%, 5% and 8% are 
also applied in the sensitivity analysis. Following Common (1995), an identical rate is 
used for both wood and non-wood benefits in this thesis. The approach of using one 
discount rate for both timber benefits and environmental benefits has also been adopted by 
Niskanen (1995, p. 28) to simplify the analysis 
9.6 Summary 
This chapter provides the analytical framework by which evaluation of wood and non-
wood benefits associated with reforestation can be incorporated, and how the benefits and 
costs related to the CRRP will be treated in the economic analysis undertaken in the 
following chapters. Due to differences in treatment of costs and benefits between financial 
and economic analysis, the economic results obtained in this thesis will differ from the 
results undertaken in a financial analysis where only the profits and financial cash-flows 
are relevant in evaluating an investment decision. A number of differences arise between 
financial analysis and economic analysis. The pricing of inputs and outputs is treated 
differently. In the CRRP case study, two factors will be treated differently, namely labour 
costs and land costs, for which shadow prices will be used. As well, the economic analysis 
includes costs and benefits that are outside the scope of a financial analysis The term 
benefit flow" rather than 'cash flow" will be used in this thesis to avoid possible 
confusion. In most cases, these external costs and benefits do not have market prices and 
therefore they have to be assigned dollar values so as to be included in :;-e CBA 
The benefits identified in the survey were categorised under the TKV classification ol use 
and non-use values. This classification assists in identifying what methods of valuation are 
best suited for the analysis undertaken and also which benefits are being valued All the 
benefits to be estimated, have direct and indirect use values and those can be valued, m 
dollar terms, using market and surrogate market-based approaches 
Alternative methods to evaluate some of the non-wood benefits identified for the CRRP 
were examined. However, difficulties in valuing the CRRP plantations as a whole using 
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the contingent valuation method, for example; would not have provided information about 
the specific values of the non-wood forest benefits (e.g. the value of carbon sequestered in 
CRRP tree plantations). The main disadvantage of not using a survey-based method of 
valuation is that only direct and indirect use values can be estimated. However, non-use 
values such as existence values were not identified in the forestry literature as a value 
inherent to tree plantations. Other non-use values were not identified in the survey results 
reported in the previous two chapters as important benefits of CRRP plantings. 
An economic model in which the non-wood benefits and costs will be integrated with the 
timber benefits and applied to reforestation has been formulated. 
Applying the above methodology to the CRRP will provide the discounted or net total 
economic value of the CRRP. It will also enable to estimate the magnitude of NWFBs 
compared to the timber benefits. 
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Chapter 10 
ECONOMIC BENEFITS OF TIMBER PRODUCTION IN THE CRRP 
In this chapter, the main direct use value of reforestation is the revenue derived from 
timber production in the Community Rainforest Reforestation Program (CRRP). This 
revenue is estimated by using market prices for timber. These benefits are important to the 
stakeholders - which comprise landholders, local government authorities (LGAs), the 
Queensland government and the Federal government - all of which contributed funds to 
the program, and hoped to regenerate a timber industry in their localities. The direct 
benefits of harvest estimated in this chapter will accrue to the landholders, loggers and 
timber carriers. They are therefore private benefits. The next chapter will focus on the 
flow-on social benefits. The task of this chapter is firstly (i) to estimate the volume of 
timber that can potentially be harvested from the 1992 to 1995 CRRP plantings, and (ii) to 
estimate the revenue for each year of planting over 50 years. The costs of tree planting are 
not considered in this chapter. 
In Section 1, the methodology and assumptions to arrive at estimates of timber volume and 
value of the CRRP plantation are presented. Until recently, there was virtually no 
information on the economics of mixed hardwood plantations. The cause of this 
information gap was that rotation length and growth rates of rainforest tree species 
necessary to make revenue predictions were not available. As a consequence, Herbohn 
and Harrison1 in 1995 carried out a survey, using the Delphi method, to obtain specific tree 
species data necessary to carried out an economic analysis. The merchantable timber 
volumes and approximate rotation length of many rainforest tree species growing in the 
CRRP were therefore obtained from that survey. In Section 2, timber volumes from the 
CRRP plantings are predicted using Department of Primary Industries-Forestry (DPI-
Forestry) data. In Section 3, the revenue from timber production is estimated and the 
annual revenue flows predicted. 
10.1 Methodology and Assumptions 
Data available from the CRRP Annual Reports (1992-93, 1993-94 and 1994-95) were 
1
 The results from that survey using the Delphi method were published in part in Harrison and Herbohn 
(1996) and Herbohn, Harrison and Emtage (1999). 
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limited to the total area planted each year, the name of tree species planted and the number 
of trees belonging to each species. In all, 165 tree species were planted between 1992 and 
1995. The first task was to group tree species which have common attributes in terms of 
rotation length and growth rates. In all, seven tree species groups were identified to 
represent the 165 tree species planted in the CRRP. Of these, one group includes all tree 
species of 'non-commercial' value, which will not be harvested. The second task was to 
establish the proportion of area planted to each species group in the total area planted. For 
convenience, all costs and benefits calculations have been expressed in term of a 
representative one hectare area unit. Hence, the area by species group is expressed as a 
proportion of one unit (ha). 
The input data for economic model revenue developed in this study (yield, prices) are 
generally available on a per hectare basis, therefore timber volume and revenue per hectare 
simplify the analysis, and are steps towards estimation of the total economic value of 
timber in the CRRP. Furthermore, there are two main advantages of obtaining estimates 
on per hectare basis. One advantage is the ability to compare revenue estimates obtained 
from CRRP plantings against timber revenue estimates from commercial tree plantations 
and other tree programs. The other advantage is to validate the estimates, to ascertain 
whether they are within a realistic revenue range. A disadvantage is that these estimates 
cannot be used by landholders because some may have only tree species belonging to one 
or two groups identified in this chapter and the stumpage value used is at mills gate rather 
than at the stump as will be explained. 
10.1.1 Description of the CRRP plantings 
The CRRP plantings consisted of 416 plots of land as at 30 June 1995, of between two to 
five hectares in area, each owned privately and planted over three years (1992-93 to 1994-
95). The total areas planted are 266.2 ha in 1992-93, 436.2 ha in 1993-94 and 439.8 ha in 
1994-95 (CRRP Management Committee, 1993, 1994, 1995). The number of trees and the 
species planted (reported in Appendix G) have been obtained from the CRRP Annual 
Reports for 1992-93 to 1994-95. 
10.1.2 Assumptions about tree planting in the CRRP 
It is obvious that all the species planted in the same year are even-aged, but because of the 
mixed species nature of the planting, some species will grow faster than others. The 
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number of trees retained is necessary to calculate mean annual increment (MAI). Stand 
density and stand composition are important in this analysis to estimate the area planted for 
each species group. While tree density in the CRRP may be different in each planting year 
and in each plot, it is assumed mat within each planting year, the density is the same for all 
tree species groups in the representative hectare. 
An adjustment has also been made in relation to tree species that do not have a commercial 
potential, but are planted for environmental and biodiversity reasons. Other species may 
have commercial potential, but the number of individual trees planted of these species is 
too small to be considered as commercial. This study assumes that if only a small number 
of trees of any native species are planted, there will be no market for those trees. 
Adjustments to proportions of areas for the species groups that are unlikely to be harvested 
are therefore necessary. 
Another area adjustment to be made relates to the trees that can be harvested 
commercially, but which according to the landholders' survey in Chapter 8 will not be 
harvested. The survey had revealed that 75% of landholders mentioned timber production 
as a private benefit but only 57.1% of those landholders ranked this benefit in the first five 
most important benefits of planting trees. Notwithstanding the survey findings, a 
proportion of those who do not intend to harvest themselves indicated that they planted the 
trees for their children (who might harvest). Another proportion of landholders might sell 
their properties and the buyers may harvest while another proportion of landholders may 
harvest all trees planted. In this thesis, a single 50-year stand life is assumed. With these 
considerations taken into account, the present analysis assumes, using the landholders 
survey responses as a basis for this assumption, that on average 20% of the CRRP 
plantations will not be harvested in each planting year, of all plantings (both 'commercial' 
and 'non-commercial' plantings). 
a) Adjustments to number of trees to estimate the area planted by each species group 
Based on growth rates and rotation length, over 140 commercial species have been firstly 
classified into seven main groups of commercial tree species that have a common growth 
rate (i.e. a common mean annual increment) and a common rotation length. MAIs and 
their corresponding rotation period for many rainforest tree species planted in the CRRP 
had been estimated by Jones et al. (1983) and Nikles et al. (1994). However, their data 
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relates mainly to species growing in native forests and in the case of Jones et al. (1983), 
the data do not reflect growth rates under modem planting techniques and well-managed 
plantations. The MAI selected for each group in Table 10-1 was therefore obtained from 
Keenan (1998) and from a Delphi survey conducted by Harrison et al. (1996). Those two 
sources were the most recent available information relevant to north Queensland geo-
climatic and soil conditions. Keenan (1998) identified the tree species groups on their 
commercial potential, providing mean annual increments and rotation length for each 
group he identified. For some tree species identified in the Delphi survey undertaken by 
Harrison et al. (1996), respondents had provided different growth rates for the same tree 
species and the author decided that these species would form their own groups. The 
species groups are listed in Appendix G. Based on advice by Keenan (1998)2, those 
species with less than 5,000 trees planted over the three years, were not considered 
commercially viable and therefore excluded from the species groups to be harvested. That 
is, it is assumed that non-commercial (NC) species were planted for their ecological, 
aesthetic and biodiversity values. The number of trees planted has been reduced by 15% to 
allow for tree deaths and timber defects. The number of commercial trees planted 
aggregated by species groups is presented in Table 10-1. 
Species group 1 includes Grevilla robusta and Acacia mangium; species group 2 includes 
the Acacia species except Acacia Mangium. Species group 3 that is the majority of trees 
planted includes all the Eucalypt species and Elaeocarpus; species group 4 includes 
Cedrela odorata; species group 5 includes Castanospermum australe, the Flindersia 
species, Nauclea orientalis, Tectona grandis and Elepharocarya involucrigeras. Species 
group 6 includes the Araucaria species and Agathis robusta and species group 7 includes 
Paraserianthes toona. For a more detailed list of tree species included in each group, refer 
to Appendix G. 
This is equivalent to less than 10 trees per ha. 
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Table 10-1 
Approximate number of trees (commercial) planted in the CRRP, by main 
species and year of planting 
Species MAI Rotation Number of trees planted by Proportion of each group 
group (m3) length group of species for each year of by year of planting as a 
(year) planting percentage of total trees 
planted in each group 
1 
2 
3 
4* 
5 
6 
7* 
Total 
15 
5 
15 
10 
5 
15 
8 
20 
30 
30 
40 
50 
50 
50 
92-93 
7,559 
2,081 
71,449 
81 
29,607 
35,718 
0 
146,695 
93-94 
14,736 
6,196 
155,345 
2,935 
45,208 
31,394 
3,358 
259,173 
94-95 
7,468 
2,164 
132,652 
5,471 
61,354 
39,993 
11,948 
261,051 
92-93 
25,39 
19.93 
19.88 
0.95 
21.74 
34.64 
0.00 
22.03 
93-94 
49.51 
59.34 
43.22 
34.58 
33.20 
30.44 
21.94 
38.84 
94-95 
25.09 
20.73 
36.90 
64.46 
45.05 
38.78 
78.06 
39.13 
• MAI and rotation lengths are from Keenan (1998), except for species with an 
asterix (*) where the source is Harrison et al. (1997). 
For simplification, in Table 10-2, a group reference number is assigned to each species 
group and for the rest of this thesis, only the group reference numbers will be referred to. 
Table 10-2 also indicates the proportion of trees planted each year in each group. 
Table 10-2 
Proportion of each species group planted each planting year 
Species 
group 
no. 
1 
2 
3 
4 
5 
6 
7 
Total 
MAI 
15 
5 
15 
10 
5 
15 
8 
Rotation 
(years) 
20 
30 
30 
40 
50 
50 
50 
Proportion of each species group 
planted each planting year (%) 
1992-93 
5.14 
1.42 
48.61 
0.06 
20.14 
24.64 
0.00 
100.00 
1993-94 
5.69 
2.39 
59.94 
1.13 
17.44 
12.11 
1.30 
100.00 
1994-95 
2.86 
0.83 
50.81 
2.10 
23.50 
15.32 
4.58 
100.00 
b) Adjustments of areas to estimate the area planted with 'commercial' trees 
Adjustments to the annual area planted are made so that only the area planted with 
potentially 'commercial' trees is taken into account when total merchantable timber 
volume is estimated. The total volume of timber is estimated by calculating the volume of 
timber (in m3/ha) multiplied by the total area in hectare planted with trees. The area planted 
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with 'non-commercial' (NC) tree species was derived by dividing the number of NC trees 
species (the group excluded from Table 10-2) by the stand density for each planting year. 
The proportions of the total area planted with NC tree species presented in Table 10-3 were 
derived from Appendix G. The proportion of NC trees amounted to 5.26% in 1992-93, 
11.35% in 1993-94 and 9.16% in 1994-95 and averaged 9.1% of total CRRP plantings. 
The total area planted with NC trees amounts to 103.8 ha. This adjustment is shown on 
Table 10-3. 
Table 10-3 
Adjustment to areas planted to allow for non-commercial tree species in the CRRP 
Year of planting 
1992-93 
1993-94 
1994-95 
Total area planted (ha) 
Total area 
planted (ha) 
266.2 
436.2 
439.8 
1142.2 
Area planted with non-
commercial species 
(ha) 
14.1 
49.4 
40.3 
103.8 
Area planted with 
commercial species (ha) 
252.1 
386.8 
399.5 
1,038.4 
In Table 10-4, the land area covered by commercial species is further disaggregated 
between the seven groups of commercial species identified. With the assumption that the 
density is similar for all tree species groups in each planting year (but different for each 
planting year), it follows that the area allocated for each species group is directly 
proportional to the number of trees planted in each species group. Table 10-4 reveals that 
the combination of group of tree species planted differs each year, thus it is therefore 
expected that the revenue (in $/ha) estimated for each year will differ. 
Species 
group 
1 
2 
3 
4 
5 
6 
7 
Total 
Table 10-4 
Area allocated to each group of species 
Area of trees planted by year 
and 
1992-93 
13.0 
3.6 
122.5 
0.2 
50.8 
62.1 
0.0 
252.1 
of planting 
species group (ha) 
1993-94 
22.0 
9.2 
231.8 
4.4 
67.5 
46.8 
5.0 
386.8 
1994-95 
11.4 
3.3 
203.0 
8.4 
93.9 
61.2 
18.3 
399.5 
Total area 
planted (ha) 
1992-95 
46.4 
16.1 
557.4 
12.9 
212.1 
170.2 
23.3 
1038.4 
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10.1.3 Estimation of Mean Annual Increments for trees planted in the CRRP 
Timber volumes are calculated in terms of mean annual increment (MAI). The MAI is 
defined as the mean annual growth in volume per annum of merchantable timber per 
hectare. The MAI is always associated with the number of years that has elapsed since 
planting. The MAI referred to in the forestry literature is the mean annual increment at the 
time a tree is harvested. The time elapsed between planting and harvest is the rotation 
period. However, during a rotation cycle, there may be more than one harvest. This is 
normal practice with commercial thinning, but as well, if a plantation has a mixture of tree 
species with various growth rates and therefore various harvest ages, then staged 
harvesting will be required. When each tree species is harvested in turn but replanted only 
when the whole area is cleared of all other trees, the process of harvesting is called staged-
harvesting. Staged-harvesting is different from thinning because thinning has for 
purposes to get rid of unwanted trees (e.g. trees with timber defects or with diseases) and to 
assist the healthy growth of those trees, which are left. When thinnings have a market, 
thinnings are called 'commercial thinnings'. No commercial thinnings are assumed in the 
economic analysis. 
10.1.4 Dealing with MAI quoted in the literature and by experts for the same tree species 
under similar conditions 
Variations in MAI for individual tree species occur because of differences in soil quality, 
genetic quality, silvicultural intensity, pest and diseases and amount of rainfall. However, 
even with no geological or climatic variations, experts differ in their opinion. Variations to 
MAI given by experts may be large for some tree species, especially those for which little 
commercial production has taken place. For example in the Delphi survey conducted by 
Harrison et al. (1996), the yield estimates provided by 13 experts for Acacia mangium on 
low quality soil range from 2 m3/ha to 20m3/ha (Harrison et al, 1996). For high quality 
soil, the MAI for the same species ranged from 15 to 40 m3/ha/year. The MAI adopted in 
the estimation of timber volume is the average best guess across all the experts for soil of 
medium quality from Harrison et al. (1996) and Keenan (1998). 
The MAIs in Table 10-2 are, on one hand, conservative if one takes into account that 
compared to natural regeneration 'in the tropics and sub-tropics, increments in plantations 
are three to seven times those of the merchantable species in natural forest' (Evans, 1991, 
p. 74). On the other hand, there is little known on how well a mixture of tree species will 
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grow together in a plantation setting, and therefore the volume of merchantable timber, 
may not be as high as in a monoculture tree plantation. The quality of timber may also not 
be as high as in a native forest setting. Too little is known about species interactions in 
plantation settings to assume high MAIs. 
The growth rates and rotation lengths selected for this analysis for each group are as 
indicated in Table 10-2 and as mentioned in the previous section are the best current 
information available. The total volume of timber is derived by multiplying MAI by the 
rotation length age for each group of species. Table 10-5 presents the results obtained 
from this calculation. 
Table 10-5 
Areas of commercial tree species planted and timber volumes listed by tree species 
grouping and by year of planting 
Species 
group 
1 
2 
3 
4 
5 
6 
7 
Total 
MAI 
(m3) 
15 
5 
15 
10 
5 
15 
8 
Rotation 
length (year) 
20 
30 
30 
40 
50 
50 
50 
Volume of timber produced (m 
Area (ha) of trees planted by year 
and group. 
1992-93 
13 
3.6 
122.5 
0.2 
50.8 
62.1 
0 
252.2 
J/ha) 
1993-94 
22 
9.2 
231.8 
4.4 
67.5 
46.8 
5 
386.7 
1994-95 
11.4 
3.3 
203 
8.4 
93.9 
61.2 
18.3 
399.5 
Volume of timber (mJ 
planting and by; 
1992-93 
3,900 
540 
55,125 
80 
12,700 
46,575 
0 
118,920 
472 
1993-94 
6,600 
1,380 
104,310 
1,760 
16,875 
35,100 
2,000 
168,025 
434 
) by year of 
group 
1994-95 
3,420 
495 
91,350 
3,360 
23,475 
45,900 
7,320 
175,320 
439 
In Table 10-5, the yields per hectare are lower than DPI-Forestry timber volume 
predictions for eucalypts and Hoop Pine (Anderson, 1999). The predicted timber volumes 
for eucalypts undertaken by the Department of Primary Industries-Forestry (DPI-F) 
indicate that under the assumptions of one commercial thinning before clearfelling at 35 
years, the timber volume ranges between 526m3/ha (MAI of 15m3) and 630m3/ha (MAI of 
18m ). For Hoop Pine, the predicted timber volume ranges between 480m3/ha (MAI of 
12m3/ha) and 560m3/ha (MAI of 14 m3/ha) with an assumed rotation length of 40 years 
(Anderson, 1999). Predictions of timber yields by State Forests of New South Wales 
(SFNSW) range between 141m3/ha on sites of low quality for eucalypt plantations over a 
40 years rotation length, 431m3/ha for moderate quality sites and 593m3/ha for high quality 
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sites (Heathcote, 1994). This averages to 388m3/ha across all sites. In the CRRP, 47% of 
tree species are eucalypt species and therefore the predictions from these two State forest 
agencies are relevant. The difference between the predictions from DPI-Forestry and the 
predictions from this study are partly due to the rotation length for eucalypts species 
(assumed to be 35 years by DPI, 40 years by SFNSW and 30 years in the present study). 
The DPI-Forestry and the SFNSW predictions also relate to monoculture plantations and 
not to a mixture of species with varying MAIs as in the present model. If Hoop pine and 
eucalypts were mixed on a 50-50 basis on one hectare of land, the timber volume 
prediction for this mixture would Ue between 503m3/ha and 585m3/ha over 40 years. 
Another study by Herbohn (1997) modelled a scenario with a two-species mixture, viz 
Queensland maple (Flindersia brayleyana) and Gympie Messmate (Eucaliptus cloeziana). 
The predicted timber volume in this scenario was 606 m3/ha. However, the species 
selected by Herbohn (1997) in the scenario were selected for their high MAIs. With many 
tree species or group of species, the average MAI across species within groups will be 
lower than with species specifically selected for their potential high MAIs. 
10.1.5 Scheduling of timber harvest in the CRRP 
The predicted volume of timber harvested from each planting year has been time-allocated 
according to the rotation length of each species group. This scheduling is necessary in 
order to estimate the timing of each predicted timber volume harvest. Table 10-6 indicates 
how the timber volumes estimated in Table 10-5 are allocated according to rotation length. 
This table also specifies how large the expected areas to be logged are, together with the 
predicted volumes of timber to be harvested from the logged areas and the year when 
logging will occur. This schedule is consistent with the MAI at the rotation age provided 
by experts and no attempt is made to set a schedule that would maximise revenue. 
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Table 10-6 
Schedule of predicted volumes of timber harvested by species group, rotation length 
and year of planting 
Species group 
I 
2 
3 
4 
5 
6 
7 
Total volume (m3) 
Area harvested (ha) 
20 years 
Year of harvest 
2013 
3,900 
3,900 
13.0 
2014 
6,600 
6,600 
22.0 
2015 
3,420 
3,420 
11.4 
30 years 
Rotation length 
Year of harvest 
2023 
540 
55,125 
55,665 
126.1 
2024 
1,380 
104,310 
105,690 
241.0 
2025 
495 
91,350 
91,845 
206.3 
40 years 
Year of harvest 
2033 
80 
80 
0.2 
2034 
1,760 
1,760 
4.4 
2035 
3,360 
3,360 
8.4 
50 years 
Year of harvest 
2043 
12,700 
46,575 
0 
59,275 
112.9 
2044 
16,875 
35,100 
2,000 
53,975 
119.3 
2045 
23,475 
45,900 
7,320 
76,695 
173.4 
Table 10-6 reveals that the first harvest will occur in 2013. The timber harvested is the 
outcome of the planting of tree species group 1 that occurred in 1993. Groups 2 and 3, also 
planted in 1993, will be harvested in 2023 (because although they have different growth 
rates, their rotation period is similar) and so on for each group until Group 7 that will be 
harvested in 2043. This process is repeated for each species groups planted in 1993-94 and 
in 1994-95. Table 10-6 also reveals the area which is predicted to be harvested. 
10.2 Economic Benefits Derived from Timber Sales in the CRRP 
The revenue from timber harvest is dependent of the price prevailing at the time of harvest 
for any given timber volume, quality and species. The price obtained by growers for 
standing timber is also dependent of the distance from timber mills, the influence on prices 
landowners have as a group and the effectiveness of the marketing techniques employed. 
The stumpage price, is defined, as the price paid to landholders for the timber still 
standing. The stumpage paid to landholders will therefore vary from site to site because 
logging and transport costs have been removed by the purchaser, generally a timber mill. 
From an economic point of view, the timber price at the timber mill gate is therefore more 
accurate, because if the local market is not competitive, the mill will import its timber from 
other Australian States or from overseas, or close down. 
10.2.1 Factors affecting timber prices 
Particular log characteristics (i.e. diameter, length, colour) and uniformity within a species 
will attract premium. Most hardwood species may be used on short rotation for pulpwood 
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which is a growth market, however, few mills have that option in Australia. This option is 
not considered for the CRRP plantations because there is no pulp industry in North 
Queensland3. 
Institutional factors also affect stumpage prices, although these factors seem to have 
decreased in importance during the 1990's with corporatisation of forestry agencies. 
However, forestry agencies still hold marketing advantages, especially in Queensland 
where there are no large private commercial organisations involved in tree plantations. 
In Queensland, the stumpage price for trees grown on forest plantations is linked with the 
stumpage prices and royalties paid for logging in native forests. A high stumpage price 
will be a catalyst to clear what is left of native forests owned or leased by the private 
sector, without affecting greatly, in the short term, the amount of land put aside for 
plantations in the private sector. While there are opposite views to this line of reasoning, 
some authors (e.g. Harrison and Sharma, 1995) argued that if stumpage values were 
higher, landholders would not clear their native forests and would undertake replanting. 
The question on how much higher stumpage prices would need to be is not discussed by 
these authors. Notwithstanding, their argument is weak on more than one ground. Firstly, 
the main reason why landholders would log their forests without replanting if a high price 
for timber existed today is that there is no certainty that the prices would still be high in 50 
years time. People's time preference is for money now rather than in an uncertain (and in 
the case of timber, a far away) future. Secondly, by clearing their native forests, 
landholders do not forego revenue; the clearing enables them to establish agricultural crops 
which will provide annual income. Thirdly, if landholders held on their native forests in 
the expectation that stumpage prices will be rising, there is the strong possibility, they 
might not be able to harvest in the future. This outcome is a strong possibility in light of 
the Regional Forest Agreement (RFA), the Vegetation Management Act 1999 (Qld) 
enacted by the Queensland Government, and the Environmental Protection and 
Biodiversity Conservation Act (1999) (Cwealth), although these acts do not outlaw logging 
in general. 
The underlying economics of each market (timber market and pulp market) is different and prices 
increases in one do not reflect on the other. Economies of scale exist in the pulp market and this 
market, which requires large investments, is far removed from cabinet-making which requires little 
initial investments, and is more competitive 
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For high timber prices to become a reality would require a shortage in global timber 
volume. A shortage of timber has been claimed to be coming for the past 500 years (Hyde 
et al., 1991, p. 2) and is still to materialize in a way that would impact drastically on 
current prices. Price rise predictions for timber are estimated at between 0.3% (Sohngen et 
al., 1999) revised downward from 0.42% p.a. for the next 150 years (Sohngen et al., 1997). 
Finally, it is the author's view that the price of timber may actually decline in real terms as 
an indirect outcome of carbon trading. This view is supported by the BTCE (1998, p. 24) 
which states that an 'increase availability of wood in Australia or globally in response to 
trading of emissions permits and carbon credits is likely to be reflected in lower prices of 
timber'. 
10.2.2 Price of timber in the context of the CRRP 
The prices selected are from DPI-Forestry (1997) and Herbohn et al. (1997). The prices 
presented in Table 10-7 are stumpage prices. 
Table 10-7 
Stumpage prices for hardwood timber in Queensland 
Age (years) 
20 
30 
40 
50 
Stumpage ($/m3) 
30 
50 
148 
250 
Sources: Herbohn et al. (1997) and DPI-Forestry (1997) 
Recent stumpage prices received from DPI-Forestry (Anderson, 1999) in the context of 
small-scale forestry suggest stumpage prices of $15/m3 for commercial dunning for 
Eucalypts at age 15 and $60/m3 at age 35. For Hoop Pine, a hardwoodwood native 
species, DPI-Forestry provided stumpage prices of $30/m3 for commercial thinnings at age 
20 and $80/m3 for final harvest at age 40 (Anderson, 1999). SFNSW provided stumpage 
values (1994 prices) of $22/m3 for poles at 20 years, $40/m3 at 30 years and $55/m3 for 40 
years old eucalypt plantations. The stumpage value was $15/m3 for small poles and 
$40/m for sawlogs and veneer (Heathcote, 1994). 
About 47% of tree species planted in the CRRP are Eucalypt tree species and those are 
valued at $50/m at age 30, the harvest age for this species group. Each species group in 
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the present model contains various tree species with differing grade of timber quality and a 
stumpage price of $50 on average across tree species within a group at age 30 is realistic. 
Revenue from logging and haulage - estimated at between $30/m3 and $100/m3 after 
Stewart and Hanson (1998, p. 5) - is added to obtain the price of timber at the mill gate, a 
value of $50/m3 is used. 
10.2.3 Estimation of timber revenue in the CRRP 
In this section, two scenarios are considered to predict timber revenue. In the first 
scenario, all areas planted with tree species groups identified as 'commercial' are 
harvested, and in the second scenario only 80% of all areas planted with trees are 
harvested. The finding from the landholders survey in chapter 8 as well as the 
considerations outlined in Section 10-1 motivates this second scenario. With 9.1% of the 
total CRRP planting area accounted for (area planted with 'non-commercial' tree species), 
this leaves 10.9% of the CRRP commercial plantings which will not be harvested and the 
area of trees to be harvested is adjusted downward accordingly. 
a) Scenario 1: Estimation of timber revenue when all 'commercial' species groups are 
harvested 
The revenue for timber was estimated from Tables 10-6 and 10-7, and is presented in Table 
10-8. 
Table 10-8 
Predicted yields and revenues of timber harvests in the CRRP by year of planting 
Harvest Tree 
age 
Timber 
prices 
($/m3) 
1992-93 
planting 
1993 -94 
planting 
1994-95 
planting 
1st harvest 
2nd harvest 
3rd harvest 
4th harvest 
Total 
20 
30 
40 
50 
Yield and revenue 
80 
100 
198 
300 
(per ha) 
Yield 
(m3) 
3,900 
55,665 
80 
59,275 
118,920 
472 
Revenue ($) 
312,000 
5,566,500 
15,840 
17,782,500 
23,676,840 
93,881 
Yield 
(m3) 
6,600 
105,690 
1,760 
53,975 
168,025 
435 
Revenue(S) 
528,000 
10,569,000 
348,480 
16,192,500 
27,637,980 
71,471 
Yield 
(m3) 
3,420 
91,845 
3,360 
76,695 
175,320 
439 
Revenue($) 
273,600 
9,184,500 
665,280 
23,008,500 
33,131,880 
82,933 
In this model, staged harvest occurs on a representative stand of one hectare, where each 
tree species is harvested at its rotation age. The particularity of the staged harvesting 
model presented here is that all the trees belonging to a tree species group are logged 
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according to the schedule presented in Table 10-6. Staged-harvesting is a form of selective 
logging. In the present model, trees harvested are not replaced and no natural regrowth is 
assumed. 
Table 10-8 reveals that revenue varies with each species group in any planting year. The 
revenue (in $/ha) from the 1992-93 planting is the highest, although the total timber 
volume is less than in subsequent planting years. 
In Table 10-9, the volume of timber and revenue per ha (last row of Table 10-8) is 
apportioned to each species group according to the percentage of trees represented in each 
group. 
Table 10-9 
Predicted yield and revenue of timber harvests per hectare in the CRRP, 
By year of planting, under Scenario 1 
Harvest Rotation Timber 1992-93 1993 -94 1994-95 Average yields and 
length price planting planting planting revenue 1992-
(years) ($/m3) 1995 
Yield Revenue Yield Revenue Yield Revenue Yield Revenue 
(m3) ($/ha) (m3) ($/ha) (m3) (S/ha) (m3) ($/ha) 
1st harvest 
2nd harvest 
3rd harvest 
4th harvest 
Total 
20 
30 
40 
50 
80 
100 
198 
300 
15 
221 
0 
235 
472 
1,237 
22,072 
63 
70,510 
93,881 
17 
273 
5 
140 
435 
1,365 
27,331 
901 
41,874 
71,471 
9 
230 
8 
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439 
685 
22,990 
1,665 
57,593 
82,933 
13 
244 
5 
183 
445 
1,072 
24,384 
992 
54,876 
81,324 
Table 10-9 reveals that the harvests at years 30 and 50 are the most important in terms of 
predicted timber volumes and revenues. One could argue that logging of some trees from 
the second harvest at year 30 could be postponed for another 10 years so as to attract a 
higher price. However, after allowing for time preference for money and discounting, 
landowners may not benefit greatly by waiting an extra 10 years. 
The total predicted revenue for the CRRP for trees planted in the first three years is 
presented in Table 10-10. The total revenue is calculated by multiplying the average value 
of timber at mills'gate, expressed in $/ha, derived for each planting year by the total area 
planted net of the areas planted with non-commercial tree species. The predicted timber 
revenue for the CRRP is estimated at $84.4m with an average value of $8l,324/ha. 
195 
Table 10-10 
Predicted revenue in the CRRP derived from tree planting in 1992-93 to 1994-95 
under Scenario 1 
Planting year 
1992-93 
1993-94 
1994-95 
Total 
Area harvested 
(ha) 
252.1 
386.8 
399.5 
1,038.4 
Predicted revenue 
($/ha) 
93,881 
71,471 
82,933 
81,324 
Total predicted 
revenue ($) 
23,667,400 
27,644,983 
33,131,734 
84,444,116 
b) Scenario 2: Predicted timber revenue if 20% of CRRP plantings are not harvested 
The total area of tree planted in the CRRP is 1,142.2 ha. The area planted with NC tree 
species (trees that will not be harvested) has already been estimated to be 103.6 ha and 
accounted for 9.1% of the total CRRP planted area. However, the proportion of NC trees 
planted was found to be different in each planting year, therefore the proportion of 
commercial trees not harvested will also differ each year (to be in line with assumption that 
area planted with NC trees plus area planted with commercial trees not harvested must 
equal 20% of the total planted area). The proportion of the total CRRP area planted with 
NC trees is known for each planting year (Section 10.1.1). The proportions of the total 
area planted each year with merchantable timber that is not harvested therefore amounts to 
14.74% of the total area planted in 1992-93, 8.65% in 1993-94 and 10.84% in 1994-95. 
After applying these percentages to the total area planted each year to each tree species 
group, the area of 'commercial' species not harvested adds to 114.8 ha. The total predicted 
volume of timber harvested from the first three years of CRRP under this scenario is 
presented in Table 10-11 together with the predicted timber revenue. 
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Table 10-11 
Predicted timber volume and timber revenue from 1992-93 to 
1994-95 CRRP plantings under scenario 2 
Year 
2013 
2014 
2015 
2023 
2024 
2025 
2033 
2034 
2035 
2043 
2044 
2045 
Total 
PV (7%) 
PV (7%) 
Area harvested 
(ha) 
11.6 
19.6 
10.2 
112.4 
214.8 
183.8 
0.1 
3.9 
7.5 
100.7 
106.3 
154.5 
925.4 
1993 dollars 
2001 dollars 
Volume harvested 
(m3) 
3,467 
5,878 
3,055 
49,617 
94,196 
81,843 
50 
1,561 
2,983 
52,831 
48,480 
69,642 
413,603 
Total revenue ($) 
277,360 
470,240 
244,400 
4,961,700 
9,419,600 
8,184,300 
9,900 
309,078 
590,634 
15,849,300 
14,544,000 
20,892,600 
75,753,112 
4,356,205 
4,970,430 
The average revenue per hectare for all the CRRP plantings is $66,333 ($75.8m / 1,142 
ha). In table 10.11, the discount rate of 7%, as discussed in Chapter 9, is applied to 
calculate the present value of benefits as a benchmark. This discount rate was the 10-year 
commercial Treasury bond rate in 1992-93 (ABARE, 1993, p. 431) when the CRRP began 
and was the rate suggested by the Department of Finance (1991). By applying this 
discount rate, the present value (in 2001 dollars) of the timber production is $5.0m. 
Table 10-11 reveals that with 10.9% of the area assumed not to be harvested, the total 
timber revenue for the CRRP decreases by 11.5% to $75.8m compared to the predicted 
revenue of $84.4m estimated in Scenario 1 when all commercial tree species are harvested. 
This reduces the present value (2001 dollars) expressed in $/ha from $5,700 across all 
CRRP plantings in Scenario 1 to $4,352 across all planted areas (1,142 ha) in Scenario 2. 
The timber revenue does not decrease uniformly by 11.5% because the proportion of 
timber harvested from each planting year differs in each of these years. With the author's 
assumption that 20% of total area planted each year is the maximum area that will not be 
harvested, the area of 'commercial' tree species not harvested is the difference between 
20% and the percentage of 'non-commercial' trees species planted each year. For 
example, 14.74% of the total area of trees planted in 1992-93 with 'commercial' trees is 
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not harvested, because the area planted with 'non-commercial' trees constituted only 
5.24% of total area planted in that year. 
10-3 Comparison of Revenue from Timber Production in the CRRP with Other 
Studies 
In terms of revenue, the average estimate of $66,333/ha obtained in this study is marginally 
lower than the DPI-forestry (1996) estimates of $68,085/ha over a 45-year rotation and 
Gough et al. (1993) of $72,000/ha over a 50-year rotation. Recent revenue predictions for 
35 to 45-year rotations for Hoop Pine by Anderson (1999) in Queensland range from 
$32,600/ha and for Eucalypts, the revenue predictions range from $27,450 and $32,940.ha. 
DPI, 1996, 1999). However, all those studies estimated revenue at stump - the revenue 
received by landholders - not at the mill gate. 
Other studies have produced much higher cash-flow estimates, for examples, Ward (1995) 
estimated the revenue at $144,000/ha over a 50-year rotation and Harrison and Herbohn 
(1997) at $122,927/ha over a 60-year rotation. In mese two studies, the high estimates of 
revenue are explained because a limited number of tree species (five in Ward's study and 
two in Harrison and Herbohn's study) were selected for their high growth rate and high 
timber prices. These estimates cannot be used as realistic benchmarks within the CRRP 
context and compared with DPI-Forestry estimates. The revenue estimates in the second 
scenario have also been derived to take into account of landholders attitudes to logging 
their plantations. In the studies cited, the whole plantation is logged by the end of the 
rotation period. In this study, a proportion of trees are assumed not to be harvested, thus 
decreasing timber revenue. 
10.3 Summary 
The main purpose of this chapter has been to predict the timber benefit to be generated by 
the CRRP plantings from 1992-93 to 1994-95. In order to predict timber revenue, 
estimates of timber volume to be harvested, based on the best available information of 
timber yields and timber prices of tropical hardwood tree species at mill' gate, were 
calculated. 
The predicted revenue in the CRRP has been estimated under two scenarios. The first 
scenario involves harvesting all tree species group that had a 'commercial' value. The 
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second scenario involves the assumption that 20% of the total area planted with trees will 
not be harvested. However, only a proportion of those (10.9%) is assumed to have trees 
with 'commercial' value. The predicted revenue in the first scenario is estimated at 
$84.4m to accrue over 52 years while in the second scenario the predicted revenue is 
estimated at $75.8m to accrue over the same period. By applying a 7% discount rate to 
this latter estimate, the present value of timber is estimated at $5.0m (2001 dollars). The 
present value of timber is estimated at $4,352/ha when the entire CRRP is considered and 
20% of the planted area is not harvested. The timber revenue estimated is within the range 
of values obtained for hardwood plantations when compared with the estimates of other 
studies reviewed in this chapter. 
The uncertainty lies therefore in the total estimated revenue and this in turn depends on 
how many landholders will not harvest. 
The main explanation for higher estimates in this study lies in the fact mat the timber price 
is taken at the mill's gate instead of at stump, although it is much lower than the estimates 
calculated at stump by Ward (1995), and Harrison and Herbohn (1997). 
The model has deficiencies in terms of the lack of flexibility of selecting MAIs and 
rotation lengths assigned for each of tree species group. In reality, there is much flexibility 
as to when harvesting of a particular group of trees species will occur. This flexibility of 
timing in forestry is one of the advantage of tree growing. However, this flexibility has not 
been exploited here because it was not the purpose of this chapter to examine optimisation 
issues. This rigidity means that the revenue estimates are lower than they could be. 
While the chapter has aimed at estimating timber revenue, there are two main contribution 
of this chapter to the thesis. Firstly, the chapter provides the physical and financial data 
upon which the following chapters depend. Secondly, the chapter highlights indirectly the 
presence of non-timber values in CRRP plantations. The 20% of area that is assumed (on 
the basis of the landholders survey) not to be harvested suggest that landholders attach a 
high value to NWFBs. 
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Chapter 11 
EMPLOYMENT CREATION AND ECONOMIC BENEFITS 
GENERATED BY THE COMMUNITY RAINFOREST 
REFORESTATION PROGRAM 
The purpose of this chapter is to estimate the economic flow-on benefits derived from the 
CRRP. In particular, it is the additional income accruing to households which represent 
the final demand that has to be estimated and included in Equation 9-1 developed in 
Chapter 9. The methodology available to obtain this estimate is input-output analysis. 
Estimates of economic values obtained with this method do not measure willingness-to-
pay or the consumer surplus, which are the only values that can be included in the cost-
benefit framework as discussed in Chapter 9. Instead, the estimate of additional 
consumption induced in final demand as measured by the additional income available to 
households is the value taken as an approximation of WTP. 
In the first section of this chapter, the methodology of input-output analysis is explained 
together with the concept of multipliers. In the second section, the integration of farm 
forestry into a regional economy is discussed with a review of recent applications of input-
output analysis to forestry in Australia. In the third section, the background to income and 
employment generated by forestry in Queensland in the first three years of the program is 
presented. The fourth section reports estimates of output, income and employment 
generated by the CRRP plantings by the end of 1994-95 and to be generated in the period 
2023-25 when the first large-scale harvest begins and in the period 2043-45 when the last 
harvests are assumed to occur. 
11.1 Input-output Modelling 
Input-output models were originally applied to national economies, because their use was 
'constrained by the shortage and high cost of obtaining the necessary data on all inter-
industry flows between the final demand and industry sectors and from the primary input 
sectors to the industry sectors' (Todd et. al., 1997, p. 2). Input-output models are now 
routinely applied at state and regional levels and in the past 15 years, semi-surveys or 
hybrid techniques, using Generation of Regional Input-Output Tables (GRIT), have been 
used to construct regional input-output tables to conduct regional impact studies. 
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Richardson. (1972, p. 14) described input-output tables as 'a descriptive framework for 
showing the relationship between industries and sectors (groups of industries) and between 
inputs and outputs' that is generally represented by a matrix. An input-output table is 
organised with the purchasing pattern of the various sectors during the accounting period 
entered down the columns, while the distribution of sector outputs are entered along the 
rows. A matrix of direct coefficients or technical coefficients is calculated from the input-
output table, following simple mathematical procedures. Direct coefficients indicate: 
in percentage terms, the input requirements of the different sectors 'per dollar' 
of output for a given sector. Further mathematical manipulation produces a 
production-induced matrix (open interdependence coefficients matrix). These 
matrices indicate the change in all input requirements supplied by the different 
sectors in the economy to meet a change in final demand of the appropriate 
sector (Todd, 1997, p. 3). 
It is only the net change in final demand, representing a net welfare gain, by the household 
sector, which is to be estimated for inclusion in the cost benefit analysis framework. 
11.1.1 Definition of multipliers 
A multiplier measures the response to an economic stimulus. The initial stimulus or initial 
effect is normally assumed to be a change of one dollar in sales to final demand by an 
industry (Powell and Chalmers, 1995; ABS, 1995). Associated with this one unit change 
in input by the industry will be initial changes in income (wages, salaries and supplements) 
and employment. First round effects measure the purchases made by the industry 
experiencing the initial stimulus. The first round effects will cause changes in the output, 
incomes and employment of related industries. For instance, for an output multiplier, this 
is the amount of output from all intermediate sectors of the economy required to produce 
the initial $1 change in output from the particular industry (Powell and Chalmers, 1995, 
ABS, 1995). Industrial support effects are the second and subsequent flow on effects 
resulting from the initial impact (Powell and Chalmers, 1995; ABS, 1995). The sum of the 
first round and industrial support effects are termed the production induced effects or flow-
on effects resulting from the initial stimulus (DBERD, 1991). 
Consumption-induced effects relate to the flow-on effects of induced income on consumer 
spending in a region. That is, the extra wages and salaries create additional household 
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consumption expenditure, and extra output is required to satisfy this expenditure (Powell 
and Chalmers, 1995; ABS, 1995). Output multipliers measure the impact of a given 
change in final demand of a particular industry on total output in a region. 
In order to estimate a relationship between initial effects and flow-on effects, input-output 
analysts commonly calculate ratios termed Type I and Type II multipliers which measure 
on a 'per unit of initial effect' basis. They are: 
Type 1A = Initial + First Round Effects / Initial Effects 
Type IB = Initial + Production Induced Effects / Initial Effects 
Type 11A = Initial + Production Induced Effects + Consumption Induced Effects / Initial 
Effects 
Type 1 IB = Production Induced Effects + Consumption Induced Effects / Initial Effects 
(DBIRD, 1991, p. 201). 
The total multiplier is the addition of the first round effect plus the industrial support plus 
consumption induced effects to the initial stimulus of $1 in one industry 
Type IIA multipliers, which take account of consumption-induced effects, are the most 
commonly used in input-output analysis, but they assume a fixed pattern of consumer 
spending and probably represent maximum values. For example, the closure of a firm in 
region could result in additional persons becoming dependent on social security payments. 
If their wages were not appreciably above the level of social security payments only a 
marginal decrease in household consumption may result from the closure of the firm. The 
actual change on economic activity in the region is likely to fall between the type IB and 
type 11A multipliers. Mangan (1991) evaluated the accuracy of type 11A ratios in relation 
to forestry and tourism on Fraser Island in Queensland. 
11.1.2 Limitations of input-output analysis 
The most restrictive assumption of input-output analysis is that the direct coefficients are 
fixed. This produces a number of implications, namely that: technology remains constant; 
no external economies or diseconomies exist; no economies of scale are available, and no 
substitution occurs in response to changes in relative prices or supply of new materials. 
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Input-output analysis is a technique normally used in short-term (3-5 years) analysis. 
Longer terms introduce 'significant and unusual difficulties' (Mangan, 1994, p. 6). These 
difficulties relate to the predictions as to relative interactions between sectors in the 
economy based on current trends in these sectors. In particular, as some sectors grow and 
others decrease or grow at different rates, the multipliers change. For example, the high 
technology sector is a growth sector in terms of income and employment. However, like 
any other sectors, one can predict that this sector over the next 50 years will rationalise as 
companies will have firmly established themselves into the economy. Many assumptions 
have to be made as to when this kind of rationalisation will occur if this sector was to be 
analysed. Using simply the current trend would result in a dubious result. Issues of 
structural changes and intertemporal distribution raise 'formidable' challenges for any 
empirical techniques (Mangan, 1994, p. 6). Shift-share analysis, as applied by Jensen and 
Robinson (1992), are required to model structural changes and then predict output and 
employment level. The present study covers a 50-year period. An analysis as undertaken 
by Mangan (1994), which include all these intermediate steps in the analysis, was therefore 
not possible in the context of this thesis because of time limitation, and it was necessary to 
make use of multipliers from existing studies to evaluate the economic impacts of the 
CRRP in North Queensland in terms of income and employment. 
The value of output obtained from the input-output tables is a gross figure that cannot be 
included in CBA because industries buy from each other and double counting cannot be 
avoided. Output values are more a measure of economic activity than a measure of welfare 
gain. Instead, as mentioned earlier, the estimate of additional income generated is the 
estimate taken as an approximation of WTP of households. 
11-2 Integration of Farm Forestry into a Regional Economy 
Plantation forestry is ' unusual as an industry in that it does not produce any wood for a 
number of years following initial planting. Consequently, a regional study must be 
considered over a number of years to account for the different stages of development of the 
farm forestry industry and its integration into the regional economy' (Todd et al., 1997, p. 
1). 
The use of input-output technique for newly established forestry areas is therefore recent 
and as far as the author knows after a search of the literature, only one study in Australia 
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has analysed the impact of a new farm forestry sector on a regional economy, namely that 
ofTodde/a/. (1997). 
For new plantations, such as the CRRP plantations, 'production' of logs will take between 
20 and 50 years after the initial investment. The introduction of 'farm forestry' into a 
regional economy therefore requires a different treatment to that of an established industry. 
If the new industry is similar to an existing industry then 'it is a matter of discretion by the 
analyst whether to treat the new industry with a new row and column in the regional table' 
(Richardson, 1972, p. 144). Following the convention of Mandeville and Jensen (1978, p. 
31) and Todd et al. (1997), the new industry, farm forestry, is considered as a new and 
distinctive industry to be inserted into the regional table separate from the existing forestry 
and logging industry. 
11.2.1 Recent applications of input-output tables to forestry in Australia 
Recent applications of input-output analysis have been used to determine the economic 
impact of forestry (predominantly exotic conifer plantations) on the Oberon rural economy 
in New South Wales. This application was part of a much broader study being undertaken 
by Dwyer Leslie Pty Ltd and Powell in 1991 (Dwyer Leslie Pty Ltd and Powell, 1995). 
The economic impact analysis for the study was conducted using the GRIT method. Todd 
et al. (1993) also used GRIT to analyse the potential impact of a farm forestry industry on 
the Goulburn regional economy. More recently, regional input-output models were 
developed for the Queensland Treasury by Mangan (1998). This study has completed 
tables for the Far North Queensland statistical divisions in Queensland. The rest of this 
chapter uses the output of the tables for the Far North Queensland statistical division to 
analyse the impacts of the CRRP, in terms of additional income and employment 
generated, in the establishment phase. 
11.2.2 Multipliers generated for forestry from selected studies in Australia 
The studies reviewed here can be classified in two categories, although their goal is the 
same. In the first category, economists estimate changes in output, income and 
employment if logging was to cease, while in the second category, economists estimate the 
same elements if reforestation occurs. The values of the multipliers are different in each 
scenario. These differences depend of the size of a regional economy, its dependence on 
forestry and the level of unemployment in the region at the time of the change. Regional 
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economies are particularly sensitive to changes in levels of economic activities, however 
small by national or even state standards. Streeting and Hamilton (1987) in an economic 
analysis of the forests in South Eastern Australia adapted the results of a 1986 study by the 
National Institute for Economic and Industry Research that 'every 1,000 cubic-metre 
reduction in the sawlog quota reduces direct employment by about 1.8 jobs (NTEIR, 1986, 
p. 15). This estimate applies to an immediate phase-down in logging activities and direct 
employment. For more accurate estimation of impacts, a full set of multipliers for output, 
income and employment (directly and indirectly created) must be obtained. In the case of 
cessation of an existing industry, input-output analysis does not involve long-term 
predictions and structural changes. 
Multipliers estimated for output, income and employment effects in the studies mentioned 
in the previous sections are summarised in Table 11.1. In this table, the multipliers derived 
by Jensen (1997) for the Queensland Timber Board are an aggregate from forestry and 
fisheries estimated from an 11 sector input-output table. More reliable are the multipliers 
derived for forestry by Todd et al. (1997) in the Goulburn region whereby the authors 
created a new sector called Farm Forestry. These multipliers, as predicted, differ from the 
multipliers of established forestry and logging sector, which was the motivation for the 
Todd's study. 
The Todd et al. (1997) study provides three sets of multipliers, as presented in Table 11-1, 
which correspond to the three phases of a tree plantation project. The initial phase is the 
establishment phase. The second phase is the harvesting phase, whereby trees are logged 
and transported to timber mills. The third phase called 'steady' phase refers to the period 
when planting, maintaining and harvesting trees occur concurrentiy. The total area 
considered in the Goulburn regional study to be planted with trees was 48,000 ha1 Unlike 
Todd;s study, there is no steady phase planned for the CRRP plantations, because this a 
one-off project. 
The species planted in the dryland zone were 'Pinus radiata (50% of the total area including 20% in 
10 ha plantations and 30% in 10 ha wide spaced plantations), 20% of E. Mitens, E sideroxylon and E. 
maculata 5% each, E globulus 15% and Acacia melanoxylon 5% whilst the regime for the irrigated 
zone is 70% E. grandis, including 25% planted for pulp in 10 ha woodlot, 20% 3-row timberbelt and 
25% 1-row belts on checkbanks while the last 30% consists of E. camaldulensis planted in 3-row 
timberbelt' (Todd et al. 1997, p. 43). The estimated rates of return range from '2.5 and 15% pa. And 
final harvest revenues (stumpage values) are estimated at between $7,000 and $28,000/ha' (Todd et 
al. 1997, p. 55). These returns are calculated with 'a 30-year rotation length and an average of 
554m3/ha and a total cost of about $l,000/ha'(Todd et al, 1997, p. 57) 
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11-3 Income and Employment in the Queensland Forestry and Wood Processing 
Sector 
In 1997, the Queensland manufacturing industry generated an average turnover of 
$200,800 per employee and paid an average of $28,800 in wages and salaries per employee 
(ABS, 1997, p. 221). Table 11.2 reveals the labour force and the unemployment rates in 
the Northern and Far North statistical divisions (SDs) as well as the Mackay and Fitzroy 
SDs. 
Table 11-2 
Labour force statistics by statistical division, Queensland, May 1996 
Region 
Northern and North-west 
Far North 
Mackay, Fitzroy and Central West 
State total 
Employed 
(1000) 
94.4 
106.6 
143.6 
1,524.2 
Unemployed 
(1000) 
9.7 
7.0 
16.7 
156.7 
Labour 
force 
(1000) 
104.1 
113.6 
160.2 
1,680.4 
Unemployment 
rate (%) 
9.3 
6.2 
10.4 
9.3 
Participation 
rate (%) 
64.7 
72.8 
65.6 
64.5 
Source: ABS, 1996, p. 58. 
Unemployment in the Far North Queensland SD of 6.2% is below the State average of 
9.3%. The participation rate is also higher than the State average. In the Mackay SD, 
unemployment is higher than the State average. This unemployment rate in Table 11-2 
reveals that the additional employment generated by the CRRP will be most likely from the 
unemployment pool and will not put pressure on wages as could be the case in a full-
employment context. 
The analysis that follows assumes that all plantings occur in the Far North Queensland SD. 
The shires of Whitsundays, Mirani and the city of Mackay joined the program in 1994, but 
the CRRP plantings were small, and the program in these local government areas ceased in 
the 1996-97 financial years.The CRRP is implemented in three statistical divisions. The 
location of these statistical divisions are presented in Figure 11-1. 
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Figure 11-1 
Statistical divisions in Queensland 
Study areas 
The Far North SD comprises nine out of the 15 local government areas (LGAs) and 78.5% 
of the total CRRP plantings is represented in these LGAs. Two LGAs (Hinchinbrook shire 
and Thuringowa city) are in the Northern SD. Four LGAs are located in the Mackay SD. 
Table 11-3 presents the areas planted in each statistical division and the proportions of total 
planting. 
Table 11-3 
CRRP total planting as at 30 June 1995 
LGAs located in 
FNQSD 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Johnstone 
Mareeba 
Mulgrave 
Cook 
Total 
Proportion of total 
planting (%) 
Area planted 
(ha) 
119.5 
106.6 
45.2 
194.4 
121.1 
125.8 
83.5 
71.5 
29.1 
896.7 
78.5 
LGAs located in 
NQSD 
Thuringowa 
Hinchinbrook 
Area planted 
(ha) 
4.0 
156.6 
160.6 
14.0 
LGAs located in 
the Mackay SD 
Mackay 
Mirani 
Sarina 
Whitsunday 
Area planted 
(ha) 
24.1 
27.3 
15.1 
18.4 
84.9 
7.4 
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11.3.1 Employment in the CRRP 
One of the goals of the CRRP has been to create long-term sustainable employment. The 
program provided direct employment for young people between 15 and 20 years old from 
1992-93 to 1998 when the planting activities ceased2. The recruitment of the workforce 
was achieved through a complex system of brokers and cooperation between the then 
Commonwealth Employment Services (CES) and a Commonwealth work program created 
in 1992 - The Landcare and Environment Action Program (LEAP)3. The complexity of 
brokerage was simplified in 1995 and the CRRP ran more smoothly. A description of 
LEAP and its relation with the CRRP is provided in Appendix H. 
The CRRP employed an average of 60 young people, each group being employed for a 
period of six months. Over 400 young people were trained and worked for the CRRP 
between 1992-93 and 1997-98. Professional foresters from the Queensland Department of 
Primary Industries - Forestry supervised the trainees. About 60% of this workforce found 
employment or succeeded in being admitted in higher educational institutions (Sheperd, 
1994). The economic impact of this workforce on the local economy through injection of 
extra incomes is examined in the following sections. 
11.4 Estimates of Output, Income and Employment Generation for Farm Forestry in 
Far North Queensland 
The scope of this study is the Far North Queensland SD economy and the economic impact 
that the CRRP will have on that economy. The CRRP has been entirely funded from taxes; 
therefore any input to the CRRP initial stage is through transfer payments from the rest of 
Australia to the north Queensland economy. An increase in economic activity of north 
Queensland would have to be balanced by a reduction in services somewhere else (e.g. 
health, education, defence). These opportunity costs of harvests are outside the scope of 
the thesis and not analysed. The generation of new income in the region is equal to the 
wages paid to the young people employed in the CRRP and what they have received from 
social security payments. The total income generated outside the CRRP, as a consequence 
As at August 2000, the CRJRP still exists, but only as an advisory body and forestry extension agency. 
This program ceased in 1997. Its replacement - the Green Corps - was not operational at the time of 
fieldwork in this study, and it seems that the goal of this program is different from LEAP. Foi 
instance, this new program does not have educational and training requirements. 
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of the program, is the additional wages and salaries earned in the other sectors of the 
regional economy. 
The benefits derived from the CRRP plantings are the creation of sustainable employment 
not only in forestry, but also in the industries that supply the inputs to farm forestry and 
flow-on to the wood manufacturing industries. The suppliers of goods and services to the 
CRRP include tree nurseries, fertiliser companies, computer and software companies, 
purchases of tools to plant the trees and to prune trees. They also include traders who 
supply everyday expenses in petroleum, utilities (e.g. electricity, telephone, gas) and in the 
case of the CRRP the education and training sector that trains the CRRP workforce. 
Although forestry is not new in north Queensland, small-scale private forestry is The 
multipliers derived from the Goulburn farm forestry study are therefore more relevant than 
the multipliers derived for the established sector of forestry and logging in general. 
Since in this analysis the focus is in measuring the economic impacts of the CRRP on a 
regional economy, the total multipliers (which are the sum of all multipliers of individual 
economic sectors that relate to Farm Forestry) are used A sectoral analysis for the three 
statistical divisions was not feasible because of lack of data (e.g. of how much was spent 
on utilities and on transport). 
The CRRP was allocated about $7.1 million over three years (1992-93 to 1994-95) to 
establish the groundwork for developing a sustainable timber industry based on private tree 
plantations. This investment included payments for wages and salaries and purchase ot 
seedlings. An important proportion of this expenditure is also for administrative and 
planning support as well as education, research and training. Table 11-4 presents 
aggregated data for the first three years of the program, indicating the proportion of 
expenditure for each main account. 
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Table 11-4 
Operational activity costs 
Expenditure item 
Planning, management and other support (1) 
Establishment and maintenance 
QDPI nursery stock 
Private nursery stock 
CRRP container stock 
Training and education 
Subtotal 
Extension activities 
Total expenditure 
Total 
expenditure ($) 
1,150,637 
3,680548 
741,087 
329,120 
2,220 
257,487 
6,161,099 
954,704 
7,115,802 
Proportion of total 
expenditure (%) 
16.17 
51.72 
10.41 
4.63 
0.00 
3.62 
86.55 
13.42 
100.00 
(1) Support includes planning and management support, regional and executive 
support, administrative support and costs of the management committee. 
Source: CRRP Management Committee, Annual Reports, 1992-93 to 1994-95. 
Of the $1,150,637 spent on planning, management and other support, half of that spending 
was for the purchase of computers, software including geographical information system 
(GIS) software, electricity, telephones and other utilities costs. Establishment and 
maintenance costs, as well as extension activities, are mainly wages and salaries. 
However, the cost of materials purchased is estimated at 30% of the stated amounts3 in 
'Establishment and maintenance costs' and 'extension activities' in Table 11-4. All 
training are assumed to be conducted within the education sector (TAFE colleges) where 
new trainers would have had to be employed to meet the objectives of the CRRP The 
average annual expenditure on upstream economic sectors is presented in Table 11-5. 
Table 11-5 
Average annual expenditure on upstream economic sectors 
Expenditure item Total 
expenditure ($) 
Planning, management and other support 
Establishment and maintenance 
QDPI nursery stock 
Private nursery stock 
Training and education 
Extension activities 
Total expenditure 
191,776 
368,055 
247,020 
109,706 
85,829 
95,470 
1,097,856 
The other 70% of the costs are wages and salaries, which are within the CRRP Those waaes and 
salaries will be accounted for in Chapter 15, as they need to be adjusted from financial costs into 
er.nnnmir ro«tc cono ic c sts 
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Over 95% of the expenditure reported in Table 11-5 is within the local government areas 
where the CRRP is implemented. The gap (5%) is for seedlings that have been brought 
from DPI-Forestry nurseries established outside the region. 
The injection of money into private nurseries, training and education creates new 
employment in these sectors. The amount of money spent is averaged over the three years 
and equals $l.lm per annum. The effects in the economy are assumed to be almost 
immediate (within the year of spending). 
11.4.1 Employment, output and income in the CRRP (1993-1995) 
For the initial phase of the program, using the multipliers from the Goulburn study in 
conjunction with the above table, Table 11-6 is derived.' In this initial phase, no harvests 
are undertaken and an annual average of $ 1.1m is spent on upstream industries from 1992-
93 to 1994-95. The estimated economic impacts on the regional economy of the 
establishment phase of the farm forestry industry are presented in Table 11-6. 
Table 11-6 
Output, income and employment generated in the CRRP (1992-1995) 
Factor 
Value added 
Income 
Employment 
Value added ($m) 
Income/ (Sm) 
employment 
Initial 
(Sm) 
1 
-
-
1.1 
First round (per 
'000 of output) 
0.5735 
0.2157 
0.0077 
630,850 
237270 
8 
Industrial 
support 
0.1240 
0.0345 
0.0014 
13,640 
37,950 
2 
Production 
induced 
0.6975 
0.2502 
0.0091 
767,250 
275220 
10 
Consumption 
induced 
0.3420 
0.0996 
0.0042 
37,620 
109,560 
5 
Output 
1 0390 
1 14 
Income Employment 
0.3490 
0 133 
03850 
15 
The regional impacts were estimated by multiplying the initial changes in the upstream 
sector by their respective output, income and employment multipliers for the farm forestry 
industry based on Todd et al. (1997) study. 
Table 11-6 reveals that during the establishment phase of the CRRP, the CRRP produced 
SI 14m worth of output to the regional economy, generated employment for 15 people 
who earned $0.38m or on average $25,700 per person per year. 
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11.4.2 Employment, output and income in the CRRP (2023-2025) 
The next phase is the harvesting phase, during which the first large harvest begins. The 
harvests at age 30 years are the initial stimulus to the regional economy, in particular the 
purchase of machinery to log trees. The initial purchases by timber mills from other 
sectors for this phase have been estimated at $ 11.3m over three years which includes 
purchase of machinery for logging (e.g. portable saw mills), purchase of trucks, diesel fuel 
and building of gravel roads in some situations. It was not feasible for this phase of the 
project to create new input-output tables for the Far North Queensland statistical division 
for the reasons indicated in Section 11.1.2. It is assumed here that the farm forestry 
multipliers at the various phases of the CRRP will follow the patterns predicted for the 
Goulburn economy, namely that every sectors that change, will keep a similar relativity 
between each other to those in the Goulburn region. Table 11-7 presents the flow-on 
economic benefits for this phase. 
Table 11-7 
Output, income and employment generated in the CRRP (2023-2025) 
Multipliers 
Output 
Income 
Employment 
Output/year ($m) 
Income/year (Sm) 
employment (FTE) 
Initial 
(Sm) 
1.0 
11.2 
First 
round 
0.2158 
0.0801 
0.0029 
2.435 
0.904 
33 
Industrial 
support 
0.0456 
0.0126 
0.0005 
0.514 
0.142 
6 
Production 
induced 
0.2614 
0.0927 
0.0034 
2.949 
1.046 
38 
Consumption 
induced 
0.1247 
0.0362 
0.0015 
1.407 
0.408 
17 
Output 
0.3861 
4.35 
Income 
0.1289 
1.4 
Employment 
(per S000 of 
output) 
0.0050 
56 
Table 11-7 predicts that during this phase, the impact of the CRRP on the regional 
economy will be the creation of 56 full-time equivalent (FTE) positions, producing an 
income of SI.4m (an average income of $25,780 per person). However, employment is 
estimated if all harvests from 2023-25 occur at one point in time. The employment number 
has to be divided by three to obtain the employment over one year. Therefore it is 
predicted that only 19 jobs will be created, with the same jobs created in 2023 being kept 
in the following two years. These results also rely on the requirement to expand existing 
forest industries. If the existing forest industry can absorb this new source of timber, 'then 
it may not create any appreciable increase in regional employment' (Race and Curtis. 
1997, p. 235). For instance, James et al. (1994, p. 23) predicted that kafforestation and 
subsequent employment will most likely be concentrated in a few key regions' and 
Fortman (1994) argued that if the profits from forestry activities are not reinstated in the 
regional economy, the regional economy will not improve. Considering that the CRRP has 
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specially been created to improve the regional economy of north Queensland, the author 
assumes that the additional income earned by landholders and wage earners will be re-
invested or spent in the region where the landholders live. However, the argument that the 
CRRP is not a supplement to the existing forestry sector is more difficult to dismiss. The 
CRRP was created in part to replace the timber sourced from the WTWHA. An interpretation 
of the employment numbers revealed in Table 11-7 is that without the CRRP, these jobs in 
other industries would have disappeared. From the initial expenditure, $2.9m is production 
induced and 1.4m is consumption induced. 
11.4.3 Employment, output and income in the second phase of the CRRP (2043 - 2045) 
The final harvest is assumed to be undertaken at year 50. The average initial stimulus in this 
phase is similar to the previous phase. The initial expenditure was estimated to be $8.5m over 
three years (based on $50/m3), most of which is to cover expenditures on logging and log 
transport. The revenue (stumpage) received by landholders from the sale of timber is at their 
discretion and therefore cannot be included again in the input-output table because their 
purchases are more likely to be downstream purchases (replanting is not assumed in the 
analysis). Only upstream purchases are included in input-output tables. 
Table 11-8 
Output, income and employment generated in the steady phase of the CRRP (2043 - 2045) 
Multiplier 
Output 
Income 
Employment 
Output/year (Sm) 
Income/year ($m) 
employment 
Initial 
(Sm) 
1.000 
-
-
8.5 
First 
round 
0.2158 
0.0801 
0.0029 
1.845 
0.685 
25 
Industrial 
support 
0.0456 
0.0126 
0.0005 
0.514 
0.142 
6 
Production 
induced 
0.2614 
0.0927 
0.0034 
2.234 
0.792 
29 
Consumption 
induced 
0.1247 
0.0362 
0.0015 
1.066 
0.309 
13 
Output 
0.3861 
3.3 
Income 
0.1289 
1.1 
Employment 
(per SOOO of 
output) 
0.0050 
43 
Table 11-8 predicts that employment will have increased to 14 full-time positions (43 FTE 
divided by three years) earning $ 1.1m (or an average annual income of $25,780 per person). 
Table 11-9 summarised the output, income and employment impacts for the establishment 
and harvesting phases of development of the CRRP. 
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Table 11-9 
Summary of output, income and employment during the three phases 
Phases of development Output Average Employment Output Average flow-on Employment 
of the CRRP ($m) flow-on flow-on ($/ha) Income ($/ha) flow-on 
Income ($m) (people) (people/ha) 
Phase 1 (1993-1995) U 4 0.38 15 1,001 337 0.01 
Phase 2a (2023-2025) 4.35 1.45 19 8,550 2,854 0.03 
Phase 2b (2043-2045 ) 3.30 1.10 14 8,765 2,926 O03 
Total 8.79 2.94 
From the above tables, note must be taken that no added employment is assumed for th< 
harvests in 2013-2015 and 2033-2035 because the annual harvests are small and assumed tc 
be undertaken with the resources already existing. It is to note that the total employment i; 
not the sum of the employment in the three phases (i.e. 48 FTE) but 16 FTE, the averagi 
employment over the three phases. The CRRP is a one-off project with the goal o 
encouraging landholders to invest in plantations out of their own resources. It is also assume< 
that harvest occurs as modelled in Chapter 10. In the Todd's study, tree planting, thinning 
harvesting occurred concurrently with the upstream sectors adjusting their workforce only oi 
the margin. 
The flow-on benefits of the CRRP are presented in Table 11-10. The annual flow-on benefit i 
extrapolated by multiplying the average flow-on income (expressed in $/ha) from Table 11-
by the relevant area planted or harvested in that year. 
Table 11-10 
Economic flow-on from regional income 
Year 
1993 
1994 
1995 
2013 
2014 
2015 
2023 
2024 
2025 
2033 
2034 
2035 
2043 
2044 
2045 
Total 
Establishment phase 
Area planted (ha) 
266.2 
436.2 
439.8 
1,142.2 
Present value (7%) (1993 dollars) 
Present value (7%) (2001 dollars) 
Harvesting phase 
Area harvested (ha) 
7.0 
13.9 
7.0 
100.7 
222.2 
186.6 
0.1 
3.7 
6.8 
107.2 
113.5 
155.8 
924.5 
Flow-on benefit ($) 
v 89,702 
146,987 
148,201 
19,437 
38,377 
19,244 
278,425 
614,360 
515,929 
304 
10,147 
18,857 
296,397 
313,843 
430,826 
2,941,035 
547,185 
624,467 
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11.5 Alternative Estimations Methods 
An alternative method for estimating direct employment is to use the recent study of 
Crabtree et al. (2000, p. 55). The authors of that study found that the flow-on gross 
employment effects of new plantings and maintenance of native trees per 100 ha in 
England was 0.731 FTE. Using this multiplier, employment generated in the first phase 
would be 8.3 FTE. This compares with 15 using the employment multiplier from Table 
11-7. If one extrapolates the NBER (1998) estimate to the present study that 1000 m3 of 
timber harvested changes employment by 1.8 jobs, the number of jobs generated in the 
second phase would be 135 jobs in the period 2023-2025 and 101 jobs in the period 2043-
2045. The large differences of estimates of the NTER study with the present one (where 
only 16 FTE are created) arise because the NTER study was firstly using employment 
multipliers from large-scale forestry which are in the 'steady' phase. Secondly, the wood 
manufacturing industry (a downstream industry relative to the farm forestry industry) has 
not been dealt as a separate new industry to process the timber but was included in the 
MTER study. Furthermore, employment estimated in input-output tables tends to be 
overstated Mangan (1991). This is because employment is estimated from output (a gross 
estimate) rather than actual change in economic activity as mentioned in Section 2. The 
aumor has assumed that the timber will be processed within the existing wood processing 
sector that will absorb the new supply within existing capacity. However, it is also 
strongly plausible that new wood manufacturing or processing companies will establish 
their mills in north Queensland to process the timber, if more landholders decide to plant 
within their own resources or with other forestry programs, including joint-ventures. If 
they do, the estimates calculated in this chapter would be greatly understated, because 
multipliers related to the wood manufacturing industries are larger than for the farm 
forestry sector. An expansion of the wood-manufacturing sector would in turn encourage 
more plantings, as landholders will know they have outlets for their timber. Ironically, the 
main factor that would stop new processing capacity in north Queensland is if replanting 
and expansion of farm forestry does not occur. 
11.5 Summary 
In this chapter, the focus has been to estimate the additional income and employment 
generated in the north Queensland economy as an outcome of CRRP plantings. The 
technique to obtain these estimates has been to apply multipliers to each relevant industry 
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sector. Multipliers derived for the Farm Forestry sector in the Oberon region by Todd et 
al. (1997) were transferred to the present study. 
Estimates of employment and income were derived for the establishment phase of CRRP 
and two harvesting phases of the CRRP with a set of multipliers for the establishment 
phase and another set for the two mam harvesting phases. A steady phase where 
harvesting and planting occur concurrently was not undertaken because the CRRP is a one-
off program. Even if landholders decided to replant, the cost structure will be very 
different from the CRRP cost structure in the establishment phase. Most studies provide 
only one set of multipliers for the steady phase when a project is fully operational. In this 
study, there was limited time to develop input-output tables for the three statistical 
divisions of Queensland in which the CRRP is implemented. Similarly, a forecast of 
growth in other sectors for the next 50 years was not feasible. How the farm sector will 
impact on other sectors through flow-on effects was also outside the scope of this thesis. In 
order to estimate the additional income created in the Far North Statistical division, the 
benefits and costs are assumed to occur at one point in time for each phase. The initial 
phase is assumed to occur in 1995, the first large harvest in 2025 and the final harvest is in 
2045. The additional income was then apportioned to each harvesting year according to 
the area harvested. 
The number of jobs created in the north Queensland economy with the introduction of the 
CRRP was estimated as 15 in the initial stage, 19 in the period 2023-2025 and 14 for the 
final harvest. The additional income amounted to $0.38m in the initial phase, $01.45m in 
the 2023-2025 harvesting phase and $l.lm in the in the 2043-2045 final harvesting phase. 
These benefits are small because the area harvested is small (924 ha harvested over 50 
years). In total, the additional net benefits derived outside the Farm Forestry sector amount 
to $2.9m or a present value of $0.6m (2001 dollars). 
The income generated to the regional economy is much less than the income generated by 
the timber revenue, because like the Oberon Farm Forestry sector, the revenue from 
stumpage received by landholders is not reinvested within the Farm Forestry industry 
This revenue is treated as a private benefit (because landholders did not have any 
establishment cost nor seedlings cost and no maintenance costs for the first three years). 
Like households additional income estimated in this chapter, any expenditure landholders 
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make will be at their discretion. If all the additional revenue received by landholders, 
loggers and transporters and householders was to be spent within the region, the 
employment generated and the flow-on benefits would be higher. However, landholders 
are assumed not to replant, and the timber income they receive might be spent in areas that 
bring higher benefits to the region. Therefore while this choice may be perceived as too 
conservative, it has the advantage of avoiding the possibility of double counting when the 
timber benefits and the benefits to the regional economy are brought together. It is also to 
be noted that taxes have not been discussed. This is because, taxes paid on stumpage, 
wages and salaries can be considered a return on the investment made by the 
Commonwealth and Queensland State governments. Taxes, therefore, as a share of 
revenue must be included as benefits derived from the CRRP. The estimation of the tax 
amount is also difficult to assess because it depends of individual circumstances and the 
tax legislation that will apply in 40 or 50 year time. 
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Chapter 12 
ECONOMIC VALUATION OF THE BENEFITS OF CARBON 
SEQUESTRATION IN THE COMMUNITY RAINFOREST 
REFORESTATION PROGRAM 
A benefit of forests is their function as a carbon sink. Trees take up carbon dioxide (CO2) 
from the atmosphere through the process of photosynthesis. Since CO2 is the most 
important cause of global warming, this function of trees has an indirect use value to be 
factored into the benefit stream for reforestation. Currently, the carbon sequestration 
benefit is essentially a social benefit rather than a private benefit, at least until a market for 
carbon is implemented. 
The goal of this chapter is to estimate the social benefit of carbon sequestration in 
reforestation undertaken under the Community Rainforest reforestation Program (CRRP) in 
north Queensland. In the first section, a review of economic studies on CO2 emissions and 
CO2 sequestration is undertaken. In Section 2, the method used in this study to estimate the 
quantity of carbon sequestered in the CRRP is explained. The quantities of carbon 
sequestered in the CRRP are estimated in Section 3. In Section 4, the estimation of carbon 
released in the form of C0 2 is calculated and deducted from the gross quantities of carbon 
sequestration. Section 5 reviews carbon pricing. In Section 6, the estimation of the social 
value of C02 sequestration in the CRRP and the cash flow of carbon benefits is developed. 
12.1 Review of Economic Studies of Carbon Sequestration in Forest Plantations 
In the past 10 years, economic studies carried out on C0 2 emissions have intensified. 
Scientific research indicates strongly that emissions of carbon dioxide (C02) along with 
other greenhouse gases cause global warming. Global warming in turn has impacts on the 
global economy. The potential negative impacts upon economies - from regional 
economies to the world economy - have been a catalyst for research in economics which is 
generating much interest at all levels of government. In effect, the costs to society of 
reducing greenhouse gas emissions through reduction in fuel usage in industry and 
households may not be economically and socially as efficient in the short to medium term 
as reducing these emissions through a sink. Although the issue of greenhouse gas 
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emission is a global one, the analysis presented in this chapter is from an Australian 
perspective. 
Areas where the impacts of global warming damages are felt most are formalised in Figure 
12-1. The elements of Figure 12-1 can be divided between market and non-market impacts 
of global warming. The market impacts include damage to property and damage to the 
agricultural sector while the non-market impacts include biodiversity loss and reduction in 
human wellbeing. The risk of increase in frequency of natural disasters (i.e floods and 
droughts) is a consequence of global warming. Global warming has negative economic 
impacts in both market and non-market areas. All the areas are obviously inter-related and 
feed-back through loops on each other. 
Figure 12-1 
Overview of global warming impacts. 
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Source: Fankhauser (1995, p. 16). 
Studies on global warming and its causes (C02 and other greenhouse gases emissions) have 
intensified, as mentioned above, and besides the scientific literature on the topic, a large 
socio-economic literature has emerged. This literature can be divided in two streams, 
although like in any classification, much overlap occurs between the streams. The first 
stream of studies deals with climate changes induced by CO2 emissions and other 
greenhouse gases (e.g. Nordhaus, 1991a and 1991b; OECD, 1992a) and the potential 
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economic impacts of these changes on the agricultural sector (e.g. Adams et al, 1990-
Kane et al., 1992; Rosenzweig and Parry, 1994; Tol, 1994) and on coastal properties due to 
potential rise of sea level (e.g. Bigford, 1991, Titus et al., 1991, den Elzen and Rotmans, 
1992; Wigley and Raper, 1992; Turner et al, 1994). These studies also attempt to assess 
the costs of the impacts of global warming on various sectors of the economy (viz. 
agriculture, fisheries, recreation and tourism) at regional, national and global levels. 
The second stream of studies which is as prolific as the first deals with strategies to slow 
down and reverse the impacts of global warming and their costs. These studies therefore 
focus on estimating the social and economic costs of implementing strategies to decrease 
CO2 and other greenhouse gases (e.g. Jorgenson and Wilcoxsen, 1992; Gaskins and 
Weyant, 1993). The economic instruments that raise interests amongst economists and 
policy-makers are tradeable emission permits (e.g. Barrett, 1992; OECD, 1992b) and 
carbon and energy taxes (e.g. Brinner et al. 1991; Pearce, 1991; Hoel, 1992; Hoeller and 
Coppel, 1992; Pearsons, 1992; OECD, 1992c; Barker et al., 1993; Clarke, 1993; Manne 
and Richels, 1993; Jonson et al., 1997). Strategies to induce lower energy consumption 
(Hohmeyer, 1988; Hogan and Jorgenson, 1991) and to store C0 2 are also investigated. The 
most controversial form of storage in both ecological and financial terms is storage within 
the ocean (e.g. Maier-Reimer and Hasselmann, 1987); however, underground disposal in 
deep aquifers is now becoming feasible . 
A more natural and relatively more cost-effective method of carbon sequestration is tree 
plantations (Moulton and Richards, 1990; Ormerod et al. 1993; Sedjo et al., 1997). This 
particular form of storage is now promoted by forestry agencies (e.g. Maclaren and 
Wakelin, 1991). Other government agencies are also examining tree plantations as a 
strategy to curb the growth of C02 emissions in the atmosphere from the industries they 
regulate. For example, following Lambert (1995) and Boardman (1995), the Bureau of 
Transport and Communication Economics in Australia has carried out studies to estimate 
the costs of tree planting to reduce C0 2 emissions from the atmosphere emanating from 
road transport (BTCE, 1996a; BTCE, 1996b). The energy industry is also interested in this 
form of storage to sequester the amount of greenhouse emissions generated in this industry 
(e.g. Grierson et al, 1996). 
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A mixture of different instruments will ultimately be used to deal with global warming and 
meet Australia's international obligations, who is interested in the costs of mitigation at the 
margin. However, if financial recognition of the social benefits of carbon sequestration 
were directed to tree growers, Australia's aim to meet its international obligations on 
reducing greenhouse gas emissions would be made a little easier. In New South Wales, 
carbon trading is at a more advanced stage than in the other Australian states and energy 
retailers are eager to be in the carbon market. For example, Energy Australia and Great 
Southern Energy (two energy retailers) have bought carbon credits for an undisclosed sum 
from sawmills in the Pilliga and Hunter region to co-fire sawmill by-products with coal. 
'This would save 100,000 tonnes of C0 2 in the first 12 months of co-firing' (Anon., 1999, 
p. 5). Ultimately, the most cost-effective method to deal with C0 2 emissions is for 
industries and households to reduce emissions by adopting better technologies, and making 
more efficient the processes of power generation and transmission (e.g. solar, wind, 
thermal technologies). In doing so, some industries will actually decrease their on-going 
costs and ultimately increase their profit margin. 
The following sections estimate how much CO2 the trees planted from 1992-93 to 1994-95 
in the CRRP will absorb and how much CO2 has been released into the atmosphere while 
preparing the land for planting, at harvest and while transporting the harvested logs. The 
social benefits of this particular tree function are then examined. The next section describes 
the method and the choice of a biomass growth function that forms the framework for 
estimation of carbon mass sequestration in the CRRP. 
12.2 Method Used to Estimate Quantities of Carbon Sequestered in Tree Plantations 
To estimate the carbon mass in trees, it is necessary to know the biomass of trees. A growth 
function is necessary because for valuation of the benefits of carbon sequestration, carbon 
intake by the trees will increment annually from the time of planting. Carbon sequestration 
begins from the time of planting the trees and the economic benefits derived from carbon 
sequestration accrue from this point on, unlike timber benefits that accrue only at the time 
of harvest. 
Underground aquifer storage costs between $30 to $90 per tonne of C02 (Hanisch, 1998, p. 20) 
225 
To estimate the quantity of carbon sequestered in a tree plantation, a growth function for 
trees is required to model the biomass volume. In order to model that biomass, the 
maximum growth rate of the biomass has to be known. From Chapter 10, the volume of 
harvestable timber has been estimated for selected tree species groups. The biological 
optimal growth rate of tree species is determined at the point where the mean annual 
increment (MAT) equals the current annual increment (CAI). The MAI refers to the 
average yield per year for a given age of tree expressed in m3/ha/year. The MAI curve is 
equivalent to the average product curve in economic analysis. The CAI refers to the 
growth in tree volume expressed in m3/ha in a specific year. The CAI curve is equivalent 
to the marginal product curve in economic analysis. This curve is illustrated in Figure 12-
2. At point B on the yield curve, the rate of growth is at its maximum. Harvest of 
merchantable timber can occur at any time, from when the yield is optimal (point B) to the 
point where no further biological growth occur that is when the CAI equals 0 (point C). 
The exact timing of the harvest between B and C will depend of the economic returns that 
can be obtained by the growers. For this study, harvesting is assumed to occur at point B, 
which is the point when the MAI for the various trees species is known. 
To derive the CO2 volume and the carbon mass sequestrated in trees from the known 
merchantable volume, the scientific literature reviewed (e.g. Barson and Gifford, 1989; 
Gnerson et al., 1991; Boardman, 1995) suggests that the volume of the non-merchantable 
parts of trees - crown, branches, barks, leaves and roots - is proportional to the 
merchantable volume. Once these proportions are known, the total volume of biomass tor 
each group of trees at the time of harvest can be estimated. The volume of biomass for 
each group of trees is then translated into a carbon mass through a series of steps that are 
explained in the next section. 
The outcome of these steps is an estimate of carbon content for each group of trees at time 
of harvest. The carbon mass of each group of trees is then modelled on an annual basis 
over the period from planting to harvest of the trees. 
For the purpose of analysis, the forestry terms mean annual increment (MAI) and current 
annual increments (CAI), normally used for harvestable timber volumes refer to carbon 
mass and are replaced by the abbreviations CMAI and CCAI respectively 
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Figure 12-2 Trees yield and growth curves 
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12.2.1 Choice of growth and decay functions 
There is a lack of consensus among foresters about the best form of a mathematical 
function to describe tree growth, possibly because of the lack of data and limited 
understanding of the growth process (Leech and Ferguson 1981; Clutter et al., 1993; Zeide 
1993). Zeide (1993) showed that most tree growth equations (except the Weibull equation) 
can be reduced to one of two basic growth functions, differing essentially only in the 
decline component. Mousa and Keady (1996) applied several versions of the 'Mitscherlich' 
and 'logistic' models of Leech and Ferguson (1981) to model tree growth for Queensland 
conditions. The versions differed in arrangements of site index with respect to the 
asymptote and the 'x ' and 'y' intercept. Mousa and Keady (1996) have tested these 
functions against thousands of trial plots (also called growth plots) to estimate timber 
growth volumes - mainly P. radiata and hoop pine - in Queensland. 
The Bureau of Transport and Communications Economics (BTCE. 1996) used the 
Gompertz function 'not to accurately model the growth of P. radiata but to provide 
indicative estimates of the marginal cost of reducing emissions from transport by planting 
trees' (BFCE, 1996, p. 30). The Gompertz function has been adopted in this study to model 
the growth in total tree biomass and derive the carbon mass from the total biomass - in 
other words, to describe the carbon content of a mixed tree species plantation over time. 
Its form may be expressed (BTCE, 1996, p. 30) as: 
V,„ = Vme-be"" (,) 
Where V, is the volume of CO2 in standing trees at time t, 
Vm is the maximum CO2 volume over the life of the plantation, 
t is time expressed in years, and 
b and k are constants. 
When t=0, V, = V0, and b = In (Vm / V0), where V0 is the volume of C0 2 in the seedlings, k 
= In b / tm , tm is the year at which the asymptotic mass is reached, and In is the natural 
logarithm (BTCE, 1996, p. 30). 
Equation (1) provides the total carbon sequestered in stems, branches, leaves, roots and 
litter. However, as planting occurs, trees are harvested and the logs transported to a mill, 
carbon is released in the form of CO2 into the atmosphere from soil disturbance and 
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transport emissions. While various decay functions are used to estimate the quantitites of 
CO2 rekeased, the following formulation which comprises three components has been used 
for this study: 
Ce = (D, x P x E x F x H) + (Eh * 60%) +(D2 x T x P x E x F x H)(2) 
Where Ce is the total mass of carbon released in tons, 
Di is the distance in km driven by a tractor for preparing a site for tree planting, 
P is diesel consumption in litre / 100 km, 
E is the energy intensity of diesel fuel equals to 38.7 megajoules/litre, 
F is the CO2 factor to convert energy into mass and equals to 69.7 grams/megajoule, 
H is the factor to estimate the carbon mass component in CO2 and equals 12/44, 
Eh is the mass of carbon released from wood waste during processing in tons, 
D2 is the distance in km driven by a truck from a logging site to a mill, 
T is the number of trips made by the trucks. 
12.3 Estimation of Carbon Yield 
Individual trees, and here stands of a particular species, can differ markedly in growth and 
yield patterns between sites due to many factors, including differences in climate, soil 
conditions and density of planting. Furthermore, the estimated amount of carbon contained 
in the biomass of the same tree species varies considerably depending on the source 
consulted. This is because once the amount of carbon within the merchantable section of 
the trees is estimated, authors use different factors to extrapolate the carbon content of the 
merchantable timber to the total tree biomass, which includes branches, leaves and roots. 
Barson and Gifford (1989, p. 438) assessing the potential of tree planting in Australia as a 
C02 sink, cited Booth (1989) who considered that a typical stem wood growth rate for P. 
radiata in Australia is 10 tonnes dry matter per hectare per year. This is equivalent to a 
volume growth rate of 20 m3 per hectare per year which in turn is equivalent to about 5 
tonnes of carbon. Allowing for leaves, branches, roots and soil organic matter, Barson and 
Gifford (1989, p. 438) assumed an annual average carbon sequestration rate of 7.5 tonnes 
carbon per hectare over 40 years. This assumption implied that total biomass is composed 
of 1.5 times above-ground biomass (or that about 67 percent of carbon is stored in the stem 
wood) and the rest in roots and soil organic matter. They used a value of 390 tonnes 
carbon per hectare as the asymptotic biomass. 
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Barson and Gifford (1989, p. 437) noted that these growth and yield assumptions may be 
generous for Australian conditions, because similar average rates of stem volume growth 
apply to New Zealand forests at peak plantation growth rate. Table 12-1 presents various 
estimates of carbon biomass. 
Table 12-1 
Estimate of carbon yield on pine plantations 
Barson and Gifford 
Lambert 
Grierson et al. 
Maclaren and Wakelin 
Boardman 
1989 
1979 
1991 
1991 
1995 
, . . „, Weight Context of study 
Author (s) Year
 ( { / h a ) 
390 Average quality P. radiata grown in NSW (30 years) 
332 Assuming peak plantation growth rate in New Zealand forests (40 years) 
373 Average for P. radiata grown in Victoria, include estimate of soil carbon 
content 
310 Estimate of tree components (excludes stem) 
243 P. radiata site quality 3 gTown in South Australia (35 years) 
Source: BTCE (1996, p. 36). 
Turner (1990, p. 2) divided trees biomass by a factor of 1.74 to convert it to carbon and 
found that in a 30 year old plantation of P. radiata, the total above-ground carbon was 291 
t/ha, derived from a total above-ground biomass of 505 t/ha including 160 t of foliage, 
branches, bark and wood, 75 t from thinning, small trees and understorey and litter, and 
270 t of organic matter turnover. The BFCE (1996, p. 34) added 30% to the above-ground 
biomass to estimate the total biomass. 
Bouwman and Leemans (1995) assumed that forestry plantation stores 50 t/ha of carbon in 
the soil over 30 years. However, in a recent study in Hawaii, Bashkins and Binkley (1998, 
p. 833) could not find a significant net increase in soil carbon content after afforestation 
with Eucalyptus saligna relative to that which was present in sugar cane plantations which 
the plantation replaced. This means that the above studies may have overstated the amount 
of carbon sequestrated in tree plantations. The overstatement, however, is dependent on 
landuse prior to tree plantations. 
Amano (1997) using the method of Brown and Lugo (1982) estimated the above-ground 
carbon content of a growing plantation (Amano, 1997, p. 119) as follow: 
Carbon content = Wood volume * wood density * 0.5 
The wood density for Japanese plantations was estimated to be 0.4t/m . 
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12.3.1 Estimation of carbon sequestered by the CRRP for 1993 to 1995 plantings 
Carbon sequestration has been estimated with respect to the seven commercial tree species 
groups identified in Chapter 10. For the 'non-commercial' species, a MAI of 3m3 over a 
period of 100 years, is assumed. The low MAI is in accordance with growth rates of native 
tropical tree species within native forests with no silviculture. Furthermore, over a long 
period of time, the MAI being an average growth, decreases as the stand age lengthens. 
For instance, for trees with life of 300 or 400 years, the MAI will be close to zero. The non-
commercial group must be included in the model because although no commercial timber 
will be harvested, they still take up carbon dioxide. 
Using the timber volumes estimated in Chapter 10 as the base for estimating carbon 
content, the total volume of biomass is equal to the useable timber volume plus branches 
and leaves estimated to be 50% of useable timber, plus underground biomass estimated at 
20% of above-ground biomass. A biomass density of 0.44 t/m3 is used, following Turner 
(1990). An amount of 45% of the biomass being carbon is assumed here, consistent with 
the National Greenhouse Gas Inventory Committees (1996, p. 22). In table 12-2, the areas 
planted and the timber volumes by tree species group plus the non-commercial tree species 
(species group 8) is presented. 
Table 12-2 
Areas of trees planted in the CRRP and total merchantable volume at end of rotation, 
including non-commercial species 
Species 
Group 
1 
2 
3 
4 
5 
6 
7 
8 
Total 
MAI 
(m3) 
15 
5 
15 
10 
5 
15 
8 
3 
Rotation 
length 
(years) 
20 
30 
30 
40 
50 
50 
60 
100 
Area of trees planted by year 
and group (ha) 
1992-93 
13.0 
3.6 
122.5 
0.2 
50.8 
62.1 
0.0 
14 
266.59 
1993-94 1994-95 
22.0 11.4 
9.2 3.3 
231.8 203.0 
4.4 8.4 
67.5 93.9 
46.8 61.2 
5.0 18.3 
54.5 58.6 
436.08 439.86 
Stem volume by year of pi 
1992-93 
3,900 
540 
55,125 
80 
12,700 
46,575 
0 
4,200 
123,120 
by species (nv) 
1993-94 
6,600 
1,380 
104,310 
1,760 
16,875 
35,100 
2,000 
16,350 
184,375 
anting and 
1994-95 
3,420 
495 
91,350 
3,360 
23,475 
45,900 
7,320 
17,580 
192,900 
From Table 12-3, the volume of biomass, volume of C0 2 and the weight of carbon for each 
year can be derived for one hectare of plantation and apportioned to each group by applying 
the following equation: 
Mc = [(Vh + a Vh + P (Vh + a Vb )] cod> - E0 - Eh (2) 
where Mc is the mass of carbon in t/ha of plantation; 
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Vh is the volume of harvestable timber in m3/ha; 
a and P are constants where a equals 1.5 times Vh to estimate the volume of 
biomass in branches, leaves and litter, and P is the proportion of (Vh + a Vh) with a 
equals 1.5 and P equals 0.20; 
© is a constant to convert biomass volume into carbon dioxide mass and equals 0.5, 
<j> is a constant to convert carbon dioxide into carbon mass and is equal 0.45; 
E0 refers to C released into the atmosphere when preparing the land; and 
Eh refers to C released into the atmosphere when the timber is harvested and 
transported from the land to the mills. 
Equation 2 can be re-written as 
Mc = [(Vh + 1.5 Vh + 0.20 (Vh + a Vb )] x 0.5 x .45 - E0 - Eh (3) 
Equation (3) is applied on the merchantable volumes estimated in Table 12-2 and used to 
derive the weight of carbon in Table 12-3. 
Table 12-3 
Total carbon sequestered after 50 years in CRRP plantings 
by year and by species group (t) 
Species 
group 
1 
2 
4 
5 
6 
7 
8 
Total 
Rotation 
length 
20 
30 
30 
40 
50 
50 
50 
100 
Amount 
1992-93 
2,619.5 
352.6 
36,956.5 
42.4 
8,505.4 
31,224.4 
0.0 
1,210.3 
80,911.0 
of carbon sequestered 
1993-94 1994-95 
4,395.3 2,305.9 
861.7 330.7 
69,674.5 61,009 4 
1,164.9 2,275.4 
11,267.4 15,658.1 
23,500.5 30,628.7 
1,558.9 4.S72.S 
4,763.3 6,003.9 
117,186.6 123.084.S 
The last row of Table 12-3 represents the estimated total amount of carbon that will be 
sequestered in the CRRP plantations in the absence of any carbon dioxide released into the 
atmosphere. The total quantities of carbon sequestered presented in Table 12-4 are 
disaggregated to estimate the quantities of carbon sequestered by each species group on 
one hectare. The total carbon sequestered for each species group planted on one hectare, is 
apportioned as shown in Table 12-4. The last row of Table 12-4 represents the total amount 
of carbon expressed in t/ha which will have been sequestered in the CRRP, if no carbon 
was to be released in the atmosphere. 
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Table 12-4 
Total carbon sequestrated in the CRRP per hectare 
Species 
group 
1 
2 
3 
4 
5 
6 
7 
8 
MAI Rotation 
length 
(years) 
15 20 
5 30 
15 30 
10 40 
5 50 
15 50 
8 60 
3 100 
Total carbon sequestered (t/ha) 
Proportion of species group by year 
of planting and per ha (%) 
1992-93 
3.23 
0.45 
45.71 
0.07 
10.53 
38.62 
0.00 
1.39 
100.00 
1993-94 
3.77 
0.79 
59.57 
1.01 
9.64 
20.05 
1.14 
4.04 
100.00 
1994-95 
1.86 
0.27 
49.56 
1.82 
12.74 
24.90 
3.97 
4.89 
100.00 
Carbon sequestrated by year of 
planting for each species group 
over the rotation length (t/ha) 
1992-93 
9.9 
1.4 
139.6 
0.2 
32.2 
117.9 
0.0 
4.3 
305.4 
1993-94 
10.2 
2.1 
161.5 
2.7 
26.1 
54.3 
3.1 
11.0 
271.0 
1994-95 
5.2 
0.8 
140.2 
5.2 
36.0 
70.4 
11.2 
13.8 
282.9 
In order to estimate the annual carbon increment, the growth function chosen in the 
previous section is applied to each cell of the last three columns of Table 12-4 to model the 
growth of each group of tree species. In Table 1-1 (in Appendix I), the cumulative 
quantities of carbon sequestered expressed as a percentage of the maximum carbon intake 
for each species group over a rotation length is tabulated for each species group. 
The annual percentage growth rates from Table 1-1 (in Appendix 0 are applied to the total 
carbon intake from each species group at the end of their rotation. For example, species 
group 1 has a rotation length of 20 years and an MAI of 15m3, and the maximum carbon 
sequestered from the 1992-93 planting for that species group on one hectare is 9.9t 
(quantity of carbon from the first row in Table 12-4). After multiplying this quantity (9.9 
t) by the growth rate that applies for this group for the relevant year from Table 1-1, the 
annual quantity of carbon sequestered by species group 1 is estimated. This process is 
repeated for each species group. The current annual increment of carbon for each species 
group is reproduced in Tables 1-2 to 1-4 for the 1992-93, 1993-94 and 1994-95 planting 
years. Table 12-5 summarises these tables. The last two columns of Table 12-5 provide 
the average and the cumulative carbon sequestrated over the three years on a per hectare 
basis in the CRRP. 
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Table 12-5 
Total annual carbon sequestered by year of planting and average and cumulative 
annual carbon sequestered in the CRRP 
Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
Total 
Total current annual carbon sequestered 
1992-93 
81 
196 
559 
1,310 
2,220 
3,308 
4,228 
4,902 
5,315 
5,415 
5,405 
5,150 
4,811 
4,463 
4,032 
3,680 
3,294 
2,883 
2,600 
2,269 
1,986 
1,723 
1,498 
1,296 
1,176 
990 
833 
753 
633 
555 
475 
397 
325 
276 
275 
225 
193 
152 
151 
110 
140 
99 
67 
66 
65 
55 
54 
38 
37 
32 
31 
30 
29 
80,911 
in the CRRP (t) 
1993-94 
119 
323 
969 
2,261 
3,815 
5,644 
7,168 
8,122 
8,655 
8,592 
8,321 
7,695 
6,950 
6,251 
5,477 
4,853 
4,241 
3,611 
3,198 
2,757 
2,342 
2,031 
1,755 
1,494 
1,382 
1,144 
961 
887 
777 
664 
586 
477 
411 
358 
352 
300 
270 
227 
223 
183 
202 
160 
131 
125 
121 
106 
100 
85 
82 
72 
68 
67 
117,187 
1994-95 
125 
300 
851 
1,975 
3,354 
5,033 
6,488 
7,498 
8,146 
8,259 
8,183 
7,751 
7,174 
6,610 
5,939 
5,385 
4,807 
4,202 
3,785 
3,319 
2,893 
2,552 
2,238 
1,943 
1,781 s 
1,521 
1,298 
1,192 
1,038 
910 
799 
682 
588 
511 
499 
426 
383 
320 
316 
258 
283 
224 
183 
172 
168 
146 
137 
117 
113 
95 
91 
123,084 
1992 to 1995 
81 
315 
1,009 
2,580 
5,333 
9,099 
13,227 
17,104 
19,926 
21,569 
22,144 
21,731 
20,690 
19,166 
17,458 
15,769 
14,087 
12,510 
11,019 
9,669 
8,529 
7,385 
6,422 
5,604 
4,909 
4,316 
3,759 
3,237 
2,819 
2,525 
2,178 
1,894 
1,602 
1,370 
1,222 
1,089 
993 
849 
762 
655 
639 
560 
511 
421 
374 
350 
329 
286 
260 
232 
216 
193 
187 
321,058 
Average annual 
increment of 
• carbon (t / ha) 
0.31 
0.45 
0.88 
2.26 
4.67 
7.97 
11.58 
14.98 
17.45 
18.88 
19.39 
19.03 
18.11 
16.78 
15.29 
13.81 
12.33 
10.95 
9.65 
8.47 
7.47 
6.47 
5.62 
4.91 
4.30 
3.78 
3.29 
2.83 
2.47 
2.21 
1.91 
1.66 
1.40 
1.20 
1.07 
0.95 
0.87 
0.74 
0.67 
0.57 
0.56 
0.49 
0.45 
0.37 
0.33 
0.31 
0.29 
0.25 
0.23 
• 0.20 
0.19 
0.17 
0.16 
281.27 
Cumulative 
carbon 
sequestered 
(t/ha) 
0.31 
0.75 
1.64 
3.90 
8.57 
16.53 
28.11 
43.09 
60.54 
79.42 
98.81 
117.83 
135.95 
152.73 
168.01 
181.82 
194.15 
205.11 
214.75 
223.22 
230.69 
237.15 
242.77 
247.68 
251.98 
255.76 
259.05 
261.88 
264.35 
266.56 
268.47 
270.13 
271.53 
272.73 
273.80 
274.76 
275.63 
276.37 
277.04 
277.61 
278.17 
278.66 
279.11 
279.48 
279.81 
280.11 
280.40 
280.65 
280.88 
281.08 
281.27 
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Figure 12-3 represents in graphic form the estimated cumulative quantity of carbon 
sequestered in CRRP plantations from 1993 to 2045. By estimating carbon sequestered in 
the CRRP, it is noticeable that the shape of the curve is similar to one expected for a 
monoculture plantation. 
Figure 12-3 
Cumulative carbon sequestrated per hectare in the CRRP 
The smooth curve of Figure 12-3 depicts the cumulative quantity of carbon sequestered 
over 52 years in CRRP plantations. In Figure 12-4, the carbon current annual increment 
(CAT) and the carbon mean annual increment (MAT) are depicted. 
Figure 12-4 
Carbon current annual increment and carbon mean annual increment in the CRRP 
CCAI (t/ha) 
CMAI (t/ha/year) 
i i i i i i i 
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 
Year 
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The CCAI and the CMAI depicted in Figure 12-4 represent the current and mean increment 
of carbon sequestered within one hectare of plantation in the CRRP. These curves do not 
depict the CCAI and CMAI of any particular species group. The CCAI for each species 
group and by year of planting are presented in Table F-2. Figure 12-4 reveals that the time 
at which CCAI equals CMAI in the CRRP is when trees are 16 years old. This age is 
consistent with the ages reported in the literature for the tropics at between 8 and 20 years. 
If trees planted in the CRRP were for deriving carbon benefits only, 16 years is the age 
when they should be logged and replaced by new trees. However, carbon sequestration is 
not the only benefit derived from trees, and market opportunities for high quality timber 
would be missed if trees were harvested at 16 years of age and the full social benefits of 
reforestation would not be met. It must be pointed out, that optimising carbon sequestration 
is consistent with a short timber rotation (e.g. for production of woodchips). Short timber 
rotations have impacts that may well negate any carbon benefits. The negative impacts of 
short rotations on soil nutrients have been dealt in the first part of this thesis. Furthermore, 
carbon release is faster because the life of paper - the major end product of short rotation 
length - averages one to five years (Maclaren and Wakelin, 1991, p. 14). 
12.4 Modelling carbon emissions from the CRRP plantings 
The previous section estimated the carbon sequestration in the CRRP. However, in 
carrying out forestry activities, C0 2 is emitted from the decay of leaves, branches and 
residues from the mills, and from the tractors and trucks. These emissions occur when 
preparing a site for tree planting, during plant maintenance, at harvest and after harvest. 
For the purpose of this study, only C 0 2 emissions occurring between site preparation and 
year 50 where the last harvest is concluded are taken into account. Emissions of C02 from 
the soil prior to tree planting are not included2. The following sections estimate the terms 
Eo (emissions when the land is being prepared) and Eh (emissions from trucks carrying the 
logs) of Equation 3. 
In a carbon trading environment, rules or conventions will be adopted and it appears that one of die 
rules that every stakeholder involved with the development of carbon trading agrees to is that credit 
would begin with the planting of the trees and emissions of C02 prior to planting are not counted. One 
reason is the difficulty in measuring the amount of emissions that would occur in any particular land 
and over what period of time the COz sequestered prior to planting will remain before it is exhausted. 
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12.4.1 Estimation of carbon release during planting 
Carbon emissions first occurs when the land is being prepared. To estimate the term Eo, 
the following equation is used: 
Eo = D x C x E x F x H) (4) 
where Eo is the quantity of carbon emitted to prepare a CRRP planting site in t/ha, 
D is the distance driven by a tractor or a truck in km, 
C is the consumption of fuel in litres per 100 km, 
E is the energy density of diesel in Megajoule per litre, 
F is the C02 factor to convert energy into mass and equals to 69.7 grams/megajoule, and 
H is the conversion factor to estimate the carbon mass in t, and is equal to 12/44. 
To estimate the quantity of carbon emissions, the following assumptions are made. 
Landholders use a tractor to prepare the land and articulated trucks to carry harvested logs. 
Based on Queensland Department of Transport data, both types of vehicles consume diesel 
fuel at 47.25 litres per 100 km. Diesel has a density of 38.6 Mjoules/litre and an emission 
factor of 69.7 grams/ Mjoules (Transport Department, 1997). 
To estimate the mileage by a tractor to prepare the land, it is estimated that in order to 
prepare one hectare of land, the tractor will have to drive a distance of 2.5 km. 
Table 12-6 
Quantity of carbon released into the atmosphere during year of planting in the CRRP 
Year planted 
1992-93 
1993-94 
1994-95 
Total 
Area (ha) 
266.2 
436.2 
439.8 
1,142.2 
Distance 
(km) 
665.5 
1,092.0 
1,098.1 
2,855.6 
C0 2 emissions 
(tonnes) 
0.846 
1.388 
1.396 
3.630 
Quantity of 
carbon released 
(tonnes) 
0.231 
0.378 
0.381 
0.990 
Quantity of 
carbon 
released (t/ha) 
0.00 
0.00 
0.00 
0.00 
The quantity of carbon released expressed (in t/ha) is insignificant. Even if the distance 
travelled was increased from 2.5 km/ha to 10 km/ha, the release would be only 3.5 kg/ha. 
For simplification , a site of 1 ha is equal to 1 km long by 10 m wide This translates into two and a 
half rows of trees (625 trees/ha which is the planting density in the CRRP). This would be equal lo 
driving 2.5 km. 
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12.4.2 Estimation of carbon emission carbon emissions when transporting the logs 
To estimate the quantity of carbon released into the atmosphere to transport logs after each 
harvest, one needs to modify Equation (5) as follow: 
E h = D x T x C x E x F x H (6) 
where Eh is the carbon mass released when transporting the logs, 
D=100km, 
T is the number of trips made by the trucks, 
C is diesel consumption in litre per 100 km, 
E equals 38.7 megajoules/litre, 
F equals 69.7grams/megajoule, and 
H equals 12/44. 
The distance travelled by the truck to take the logs is assumed to be on average 50 km each 
way from mills to harvest location. The number of trips is conditional of the volume and 
weight of logs to be carried. An average timber truck carries about 26 tons of timber 
(Bond, 1998) which is equivalent to about 52 m3 of timber. This could depend of the 
density of the timber, but a density of 0.5 t/m3 could be an average (BTCE, 1996, p. 37). 
The number of trips is estimated by dividing the volume of logs from each harvest by the 
carrying capacity of each truck. The truck type to carry logs is 'rigid truck' with a 
consumption of diesel fuel of 26.51/100km (85.7% of rigid trucks run on diesel) (BTCE, 
1996). The quantity of carbon released in the form of CO2 from trucks is presented in Table 
12-7. 
Table 12-7 
Quantity of carbon released into the atmosphere from log transport in the CRRP 
Year of 
harvest 
2013 
2014 
2015 
2023 
2024 
2025 
2033 
2034 
2035 
2043 
2044 
2045 
Total 
Volume 
harvested (m3) 
3,900 
6,600 
3,420 
55,665 
105,690 
91,845 
80 
1,760 
3,360 
59,275 
53,975 
76,695 
462,265 
No. of trips 
(52 m per trip) 
75 
127 
66 
1,070 
2,033 
1,766 
2 
34 
65 
1,140 
1,038 
1,475 
8,890 
Distance 
travelled (km) 
7,500 
12,692 
6,577 
107,048 
203,250 
176,625 
154 
3,385 
6,462 
113,990 
103,798 
147,490 
888,971 
CO, 
emissions 
(0 
10 
16 
8 
136 
258 
225 
0 
4 
8 
145 
132 
187 
1,130 
Mass of 
carbon 
released (t) 
3 
4 
2 
37 
70 
61 
0 
1 
2 
40 
36 
51 
308 
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Table 12-7 reveals that about 91 tons of carbon (tC) will have been released in the 
atmosphere from transporting the timber. The release of carbon from transport is small as 
compared to the sequestration. The quantity of carbon released of 308t (0.269t/ha) will, 
however, be taken into account when estimating the net carbon sequestered in the CRRP. 
12.4.3 Carbon emissions from biomass decay in the CRRP during and after harvest 
In Section 12.2, the quantity of carbon sequestrated in the CRRP was estimated at 281 t/ha 
on average over 50 years. However, with each harvest, some carbon dioxide is released 
into the atmosphere. Carbon sequestered in the roots system (20% of the above-ground 
biomass) is assumed not to be released into the atmosphere. After each harvest, it is 
assumed that the merchantable timber will be sold to mills where the timber will be sawn 
and sold as sawlogs, poles and boards for furniture or construction material. Of the 91,509 
tons of carbon sequestrated in the timber (out of a total of 321,058t), between 50 and 60 
per cent of logs will be wasted as saw dust and bark (the 'wastage' depends of the type of 
technology used, the quality of the timber and the human skills). The life of the finished 
timber product will depend on timber quality and end use as well as any protection put on 
the timber (e.g. paint, polish) against the natural elements (i.e. rain, wind, sun). Table 12-8 
presents the findings by Grierson et al. (1991) of typical proportions of carbon in various 
wood products, using harvest data from the Victorian Department of Conservation and 
Environment for a 35 year old P. radiata plantation. 
Table 12-8 
Typical proportions and lifetimes of products from a pine plantation 
Product 
Bark 
Sawn Timber 
Fencing 
Pallets and packaging 
Construction and furniture 
Sawdust 
Pulp 
Paper 
Particle board 
Litter 
Proportion of carbon 
8 - 1 0 
30 
6 
26 
30 
(%) Life (years) 
100 
20 
5 
100 
0.5 
1-5 
15 
n.s 
Source: Grierson, Adams and Attiwil (1991, pp. 23-24) 
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In Grierson et al. (1991, p. 23) study, sawlogs comprised 77% of the plantation, pulp wood 
and round wood 13% and residue 10%. In the CRRP plantations, pulp wood is not an 
option and therefore the residue will be much higher than in the above study. If an average 
period of 30 years is set for the finished wood products comprising 40 per cent of the 
merchantable timber, this quantity must be added back to the cumulative carbon tally in 
Table 12-8. 
After allowing for carbon sequestered in the soil and in wood products, and trees that will 
not be harvested (20% of landholders not harvesting), this study assumes that 60% of 
carbon from the timber harvested will be released into the atmosphere over a 50 years 
period. The estimation of carbon sequestration is calculated using the following formula: 
W = Cs - (Vh*60%) - Eo - Ei (7) 
Where W is the net carbon sequestered in t/ha, 
Cs is the total carbon sequestered before harvest in t/ha, 
Vh is the carbon sequestered in trees that are harvested in t/ha, 
Eo are carbon emissions from tractors at the time of planting in t/ha, and 
Ei are carbon emissions from log transport from the plantations to the mills in t/ha. 
The estimated quantities of net carbon sequestration for each planting per year for a stand 
of one hectare, and for the CRRP as a whole, are reported in Table 12-9. 
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Table 12-9 
Net carbon sequestered per hectare and in total in the CRRP 
Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
Net carbon sequestered by year 
of planting (t/ha) 
1992-93 
0.29 
0.74 
2.11 
4.94 
8.37 
12.47 
15.94 
18.48 
20.04 
20.43 
20.40 
19.45 
18.19 
16.89 
15.27 
13.96 
12.52 
10.98 
9.93 
8.69 
1.69 
6.65 
5.81 
5.05 
4.60 
3.90 
3.31 
3.01 
2.56 
2.26 
-82.76 
1.66 
1.39 
1.20 
1.19 
1.00 
0.87 
0.71 
0.70 
0.54 
0.53 
0.49 
0.36 
0.35 
0.34 
0.30 
1993-94 
0.29 
0.75 
2.24 
5.20 
8.77 
12.97 
16.48 
18.68 
19.92 
19.80 
19.20 
17.79 
16.11 
14.53 
12.77 
11.37 
9.98 
8.56 
7.63 
6.63 
0.43 
4.99 
4.36 
3.77 
3.52 
2.97 
2.55 
2.38 
2.12 
1.86 
-96.43 
1.41 
1.25 
1.12 
1.10 
0.97 
0.89 
0.78 
0.76 
0.65 
-0.93 
0.58 
0.50 
0.48 
0.46 
1994-95 
0.29 
0.69 
1.95 
4.51 
7.66 
11.49 
14.82 
17.13 
18.62 
18.89 
18.74 
17.77 
16.48 
15.21 
13.69 
12.44 
11.14 
9.76 
8.82 
7.76 
3.61 
6.02 
5.30 
4.62 
4.25 
3.66 
3.14 
2.90 
2.54 
2.24 
-82.62 
1.71 
1.49 
1.30 
1.27 
1.10 
1.00 
0.84 
0.83 
0.69 
-2.38 
0.60 
0.50 
0.47 
Total carbon sequestered in the 
CRRP by 
1992-93 
77 
197 
561 
1,315 
2,228 
3,319 
4,243 
4,919 
5,334 
5,438 
5,430 
5,177 
4,842 
4,496 
4,064 
3,716 
3,332 
2,922 
2,643 
2,313 
446 
1,770 
1,546 
1,344 
1,224 
1,038 
881 
801 
681 
601 
-22,067 
441 
370 
319 
316 
266 
231 
189 
186 
143 
141 
130 
95 
93 
90 
79 
year of planting (t) 
1993-94 
126 
327 
977 
2,268 
3,825 
5,657 
7,188 
8,148 
8,689 
8,636 
8,375 
7,760 
7,027 
6,338 
5,570 
4,959 
4,353 
3,733 
3,328 
2,892 
183 
2,176 
1,901 
1,644 
1,535 
1,295 
1,112 
1,038 
924 
811 
-42,132 
615 
545 
488 
479 
423 
388 
340 
331 
283 
^06 
253 
218 
209 
200 
1994-95 
127 
303 
857 
1,983 
3,368 
5,053 
6,517 
7,533 
8,189 
8,307 
8,241 
7,815 
7,247 
6,689 
6,020 
5,471 
4,899 
4,292 
3,879 
3,412 
1,585 
2,647 
2,330 
2,031 
1,869 
1,609 
1,381 
1,275 
1,117 
985 
-36,397 
752 
655 
571 
558 
483 
439 
369 
365 
303 
-1,048 
263 
219 
206 
Total net 
carbon 
sequestered (t) 
1992 to 1995 
77 
323 
1,016 
2,595 
5,353 
9,128 
13,269 
17,161 
20,000 
21,661 
22,256 
21,860 
20,844 
19,338 
17,650 
15,975 
14,313 
12,747 
11,276 
9,933 
7,217 
5,366 
5,308 
5,893 
5,199 
4,605 
4,045 
3,523 
3,100 
2,801 
-20,139 
-40,705 
-35,412 
1,616 
1,460 
1,317 
1,213 
1,061 
966 
844 
789 
27 
-699 
575 
519 
487 
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Table 12-9 (continued) 
Net carbon sequestered per hectare and in total in the CRRP 
Year Net carbon sequestered by year 
of planting (t/ha) 
Total carbon sequestered in the 
CRRP by year of planting (t) 
Total net 
carbon 
sequestered (t) 
1992-93 1993-94 1994-95 1992-93 1993-94 1994-95 1992 to 1995 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
0.29 
0.23 
0.22 
0.19 
-89.99 
0.10 
0.10 
0.41 
0.39 
0.35 
0.33 
0.30 
-48.02 
0.23 
0.46 
0.41 
0.38 
0.33 
0.32 
0.27 
-63.64 
77 
61 
58 
50 
-23,995 
26 
26 
178 
170 
152 
143 
130 
-20,982 
100 
202 
180 
167 
145 
140 
118 
-28,039 
458 
411 
378 
339 
-23,723 
-20,837 
-27,912 
Total 128.94 126.20 131.47 34,243 54,937 57,704 146,885 
Another way of representing the net carbon sequestered in the CRRP at any one time is to 
graph the cumulative carbon quantities intake and quantities released over the period 1992-
93 to 2055 as depicted in Figure 12-5. 
Figure 12-5 
Cumulative carbon sequestered in the CRRP, net of carbon emissions 
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Recently, Keenan et al. (2000) presented actual measurements of carbon sequestered in the 
CRRP. The measurements revealed that carbon sequestered from CRRP plantings, which 
took place between 1992 and 1996, was about 8,960t ± 716t as at June 1998. If for 
comparison purpose, the estimate of carbon sequestered in the soil is assumed to be equal 
to 20% of the above-ground carbon • sequestered in the trees and litter, the carbon 
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sequestered increased to 10,752t ± 852t (or between 6.11 t/ha to 7.16 t/ha). The estimates 
in this study are much higher than those of Keenan. In Table 12-5, for example, the 
cumulative carbon sequestered from the 1992-93 planting year, is estimated at 8.37 t/ha as 
at June 1998. Keenan et al. (2000) noted that the below performance of north Queensland 
CRRP plantings 'reflected their early stage of growth, variable growth in species mixtures, 
and low management inputs and relatively wide spacing of some plantations'. The 
empirical findings and the estimates obtained in this study are consistent in that they reveal 
that CRRP plantings have a lower sequestration than other Australian plantations. 
12.5 Estimation of Economic Benefits of Carbon Sequestration 
The timing of economic benefits of carbon sequestration is different from the estimation of 
timber revenue. The main difference is that the benefits of carbon sequestration begin 
immediately trees are planted and continue with the seedlings growing into trees. The 
second difference is that there is no market for carbon in Australia, although trading 
permits for carbon are at an experimental stage in New South Wales. The third difference 
is that in the absence of a market for carbon, the benefits are entirely social benefits. The 
following section reviews the literature on carbon pricing. 
12.5.1 Approaches to Carbon pricing in the literature 
Estimation of the value per hectare of C uptake can be approached from different aspects. 
One approach may be to cost carbon sequestration as a defensive expenditure. Another 
may be to use a market price which is reflected in tradeable permits for carbon dioxide. 
Another approach is to use the tax placed on carbon emission as a pseudo-price. Each 
approach has its share of problems, in particular the last two approaches raise equity issues. 
In the tax approach, the level of the tax is not necessarily set at the price that would be set 
in the market place4. The value of carbon as estimated in the literature is summarised in 
Table 12-10. 
Hoen and Solberg (1997) concur with Price (1994) and van Kooten et al, (1995) that as the C02 
shadow price is increased, the optimal rotation age of the forest increases. 
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Table 12-10 
Estimated values of carbon sequestration 
Author(s) 
SFE 
IEA-ParisBourse 
Yellen 
Bohm 
Hoen and Solberg 
Quiggin et al. 
Harrison and Tisdell 
BTCE 
van kooten 
Pearce 
Alfsen et al. 
IC 
Ottinger et al. 
Year published 
1999 
1999 
1998 
1998 
1997 
1997 
1996 
1996 
1993 
1992 
1992 
1991 
1990 
Country 
Australia 
EU 
United States 
International 
Denmark 
Australia 
Australia 
Australia 
Canada 
England 
Norway 
Australia 
United States 
Value estimated (A$ per 
ton of carbon)* 
16 
33-458 
23 -38 
268** 
91 
25 
20 -80 
23 
2-275 
70 - 109 
47-212 
125 
61 - 93 
• Converted to 1998 AU$: US$ 1 = AUS$ 0.60 and ** Euro 1 = AU$ 0.64 
The reported value by Bohm (1998) in Table 12-10 for carbon was determined from 'asks, 
bids and contracts on an experimental emissions trading market for the United States, 
Japan and ten EU countries' (1998, p. 57). 
Another experimental CO2 trading market conducted by Eurelectric, the European 
electricity industry's trade association, involving 19 electricity companies from 14 
European countries revealed that prices per ton of CO2 beginning at US$ 6/tC02 
(equivalent to AUS$ 33/tC) in the period of the Kyoto agreement to peaks of $125 
Euro/tC02 (equivalent to AUS$ 458t/C) in 2012. Figure 12-6 presents the evolution of the 
CO2 market in that simulation over the period 2001-2012. 
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Figure 12-6 
Trading prices of C02 in a restricted simulated trading market 
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Source: DEA and ParisBourse S.A., 1999, p. 21. 
The Industry Commission (IC) (1991) estimated from the World Environment Degradation 
General Equilibrium (WEDGE) model that the carbon tax required in Australia to achieve 
a 40% reduction in emission of CO2 was AU$34/t of CO2 in 1988 dollars, which translates 
into $125/tC, but the model also predicted a tax rate of $374/t to achieve the same 
reduction in the European Community (IC, 1991, p. 113). The Oram model on the other 
hand predicted that a tax of about AU$80/t (1988 dollars) is required to achieve the same 
objective for Australia (IC, 1991, p. 189). 
Yellet (1998) reported to a sub-committee on Energy and Power, prices for carbon trading 
at between US$14 and US$23/t. These prices were estimated with the Second Generation 
Model (SGM) in the context of trading carbon permits within the Annex 1 countries listed 
in the Kyoto Greenhouse agreement, with the prices of permits decreasing as the other 
countries begin trading. With carbon trading, there are two approaches for benefiting from 
carbon sequestration. The first is for the grower to claim full credits for carbon sequestered 
as a one-off payment, under the condition that replanting occurs. The second approach is 
to pay back the carbon sequestered in the harvested timber, with the timber mills required 
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to buy that credit. This second approach is similar to how the goods and service tax 
(GST) works. Landholders can claim back their loss of carbon credit by replanting and to 
keep them until they no longer plant trees. The approach adopted in this study is that 
landholders and society loose a proportion of their 'carbon credit' at harvest and during 
transport as well as a proportion of the carbon sequestered in the logs harvested after 
logging during the manufacturing process. This approach provides a better understanding 
of the impact on climate change than the alternative. In the context of climate change, the 
net impact of measures taken (reducing and offsetting C02 emissions) is the crucial 
element. If no trees were harvested, then full credit would be given to landholders. 
However, the financial revenue from harvest would be lost. 
Read (1995) reviewing the benefits from reducing carbon emissions reported that 
the lowest full-emission estimate is US$20 /ton C going up to US$93 /ton C 
using US evaluations, US$109/ton C with UK valuations and US$212/ton C 
with Norwegian valuations. Overall, a lower bound on the value of emission 
plus non-emission-related benefits would appear to be US$25/ton C while an 
upper bound is US$570/ton C, indicating perhaps a reasonable central figure 
of US$200/ton C (Read, 1995, p. 17). 
This is similar to the literature reviewed by van Kooten et al, (1993) which suggested 
values of carbon sequestration from US$2 to US$275 /tonne. It seems that the higher 
values set in the Scandinavian nations is equal to the tax imposed on carbon in these 
countries. The carbon tax is to discourage carbon dioxide emissions and encourage use of 
alternative sources of energy. 
As explained in Chapter 9, the damage cost approach adopted by Fankhauser is not 
adopted for this study, because of the short-term nature (one off) of the CRRP and there is 
no certainty that replanting will occur as trees are harvested. 
12.5.2 Economic benefit from carbon sequestration in the CRRP 
For the purpose of this study, value of AU$23/t of carbon sequestered is assumed. Under 
this assumption, the economic benefit derived from the 1992-95 CRRP tree plantings in 
terms of carbon sequestration is estimated from Table 12-11 at $ 2.7m over 52 years for 
1,142 ha of trees planted in the CRRP. The value of carbon sequestration in the CRRP is 
lower than in monoculture where only one commercial thinning and a final harvest are 
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undertaken or if replanting was undertaken after each harvest in the CRRP . However, 
since most of the benefits from carbon sequestration occur before year 20 (at year 16 in 
this study), society is better off. The benefit-flow from carbon sequestration is presented 
in Table 12-11: 
Table 12-11 
Carbon sequestration economic benefits flows from CRRP plantings 
Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
Net annual 
carbon 
sequestered (t) 
77 
323 
1,016 
2,595 
5,353 
9,128 
13,269 
17,161 
20,000 
21,661 
22,256 
21,860 
20,844 
19,338 
17,650 
15,975 
14,313 
12,747 
11,276 
9,933 
7,217 
5,366 
5,308 
5,893 
5,199 
4,605 
4,045 
Benefit flow 
($) 
1,776 
7,440 
23,377 
59,698 
123,141 
209,955 
305,201 
394,709 
460,016 
498,211 
511,895 
502,790 
479,413 
444,787 
405,968 
367,443 
329,205 
293,187 
259,362 
228,480 
166,081 
123,525 
122,152 
135,556 
119,598 
105,926 
93,053 
Annual 
benefit flow 
($/ha) 
7 
10 
20 
52 
107 
183 
267 
345 
402 
436 
448 
440 
419 
389 
355 
321 
288 
256 
227 
200 
145 
108 
106 
118 
104 
92 
81 
Year 
r 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
Total 
Net annual 
carbon 
sequestered (t) 
3,523 
3,100 
2,801 
-20,139 
-40,705 
-35,412 
1,616 
1,460 
1,317 
1,213 
1,061 
966 
844 
789 
27 
-699 
575 
519 
487 
458 
411 
378 
339 
-23,723 
-20,837 
-27,912 
146,885 
N P V (7%) (1993 dollars) 
N P V (7%) (2001 dollars) 
Benefit flow 
($) 
81,035 
71,314 
64,441 
-463,204 
-936,232 
-814,481 
37,185 
33,594 
30,308 
27,905 
24,403 
22,227 
19,428 
18,162 
626 
-16,098 
13,228 
11,955 
11,206 
10,542 
9,468 
8,702 
7,812 
-545,646 
-479,250 
-641,997 
3,378,580 
2,580.408 
2.944,246 
Annual 
benefit flow 
($/ha) 
70 
62 
56 
-405 
-819 
-713 
32 
29 
26 
24 
21 
19 
17 
15 
0 
-14 
11 
10 
9 
9 
8 
7 
6 
-477 
-419 
-562 
2,967 
Table 12-11 reveals that benefit-flows are negative in 2023 to 2025 and again in 2043 to 
2045. These negative benefit flows are repeated in 2043 to 2045, and 2054 and 2055. 
If tree planting in the CRRP had continued for another 20 years, the full benefits of carbon 
sequestration could have been as modelled in Figure 12-3. In the latter case, the estimates of carbon 
benefit from reforestation in the CRRP would be $9,435/ha or $ 10.78m (Eono, 1997). This value/ha 
is consistent with Solberg (1997), who found that the net stumpage value of timber of NOK 200/m3 
for the wood industry would rise to NOK 478/m3 if the present C02 fee in Norway of NOK 0.82 per 
litre of gazoline (or NOK343A of CO,) was adopted (Solberg, 1997, p. 326) (NOK 1= AU$ 0.23). 
247 
These years correspond to timber harvesting that has a net CO2 emissions into the 
atmosphere. There are harvests in 2013 to 2015, 2033 and 2034, but the C02 
sequestration from the remaining trees is higher than the CO2 emissions from the logged 
trees, trucks and tractors in these years. 
12.6 Summary 
This chapter has quantified in dollar terms, the economic benefits of carbon sequestration 
in the CRRP plantings. As an unpriced environmental good, shadow pricing was used to 
estimate the average value of carbon. This values relies primarily on an hypothetical 
carbon market, rather than the costs of damage prevented. This can be regarded as a 
potential private benefit which approximates willingness-to-pay, but which understates the 
consumer surplus, since carbon has currently a zero price and the consumer surplus is the 
amount above the actual price which in this chapter is assumed to be AU$ 23/t. 
Carbon benefits are complementary to timber harvesting. It is also revealing that short 
rotations tend to increase carbon intake in trees and that retaining trees for long periods 
actually offers little or no net benefits in terms of carbon sequestration. 
It is estimated that the CRRP plantings from 1992 to 1995 will sequester over 321,000 
tons of carbon over 52-years. However, about 178,589 tons will be released in the form of 
CO2 after taking into account harvesting, wood waste generated during processing of logs, 
and other CO2 emissions from tractors and trucks required during planting and for the 
transport of logs. The net carbon sequestered in the CRRP is therefore 146,885 tons with 
an estimated present value of $2.9m (2001 dollars) when discounted at 7%. 
The method adopted for estimating the economic benefit of CRRP plantings from carbon 
sequestration is based on the conventional accounting method. Carbon emissions are 
'debited' as they occur. The carbon balance is 'permanent', and is assumed to be the 
minimum carbon sequestered at any point in time. In practice, the annual estimation of 
carbon sequestered would require actual measurement of carbon sequestered. This issue 
is presently dealt with in Australia, but not dealt with in this thesis. 
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Chapter 13 
ECONOMIC EVALUATION OF WATER QUALITY AND WATER 
YIELD IMPROVEMENTS 
Improvement in water quality is one of the four stated benefits of the Community 
Rainforest Reforestation Program (CRRP). This chapter assesses in economic terms the 
contribution to the total economic value of the CRRP to improving water quality and future 
water yield in north Queensland. The first section of the chapter demonstrates the 
economic importance attached to water quality by landholders and the general community. 
The second section explains and defines what is meant by 'water quality'. The third 
section provides a review of the scientific literature that relates water quality, water yield 
and tree planting in riparian zones and in water catchments. The fourth section presents a 
brief description of the water system1 in North and Far North Queensland and problems 
that arise with respect to water quality in these regions. The fifth section provides 
economic estimations of water quality improvement due to tree planting based on studies 
undertaken overseas and in Australia. The relevant estimates are applied to the Community 
Rainforest Reforestation Program (CRRP)2 using the benefit transfer methodology and the 
preventive expenditure method. Water quality and water yield benefits are essentially 
social benefits which are measured in this study in terms of the financial savings assumed 
to occur in water treatment. The benefit estimates the value of an important ecosystem 
service derived from the CRRP tree plantations. 
13.1 Importance of High Water Quality in North Queensland 
Water as a component of the total economic value of the CRRP plantations discussed in 
Chapter 9 has a use value directly (drinking, recreation) and indirectly (e.g. for agriculture 
A water system is defined as a broad description of rivers and other watercourses, lakes and wetlands 
which occur naturally in the study area 
A separate scheme to the CRRP, the Wet Tropic Tree Planting Scheme (WTTPS) merged in 1996 
with the CRRP. The WTTPS had for its main goal the protection and enhancement of water quality in 
watercourses and lakes by tree planting. 'In the Wet Tropics one of the projects on the Atherton 
Tablelands as part of the World Heritage Area structural adjustment package for redundant timber 
workers is gaining momentum. A major aim is to establish canopy cover over streams to shade out 
weeds and allow creeks to flush out accumulating silt' (Sattler, 1993, p. 20). The planting in the 
CRRP complements those of the WTTPS because WTTPS planting was mainly on Crown or Council 
land while CRRP plantings are on private land. 
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and pasture). However, water quality can differ for various uses, with the highest quality 
being drinking water. Landholders and the general community regard water quality as a 
major benefit of tree planting. For instance, Anderson et al. (1993) identified water 
quality, water supply and landuse conflict as major issues in the Barron River catchment. 
That study involved public consultation with 450 people. Seventy-three percent rated 
water pollution as a key issue. Responses to the CRRP landholder survey reveal that water 
quality is rated by landholders second out of more than 20 potential private benefits when 
rated by mean score, and rated first in terms of number of mentions (Harrison et al, 1996; 
Eono and Harrison, 1996). Water quality improvement is ranked eighth out of the 14 
social benefits categories of tree planting listed in the questionnaires filled by landholders 
in this study. In the landholder survey (reported in Chapter 9), 38% of respondents 
mentioned preserving water quality in watercourses and water storages as a benefit of tree 
planting. Furthermore, 28% of all respondents placed this benefit amongst the five most 
important benefits of tree planting and 25% of the respondents located their CRRP 
plantation along river and creek banks (Chapter 8, Table E-3). These surveys provided the 
motivation to estimate the economic benefits of tree planting on water quality. 
Population growth and the subsequent growth in demand for water is placing pressure on 
agriculture and industries to protect watercourses and water storages to a level that enables 
other sections of the Australian community to enjoy this scarce resource. The future 
benefits of current tree plantings are therefore expected to increase in me future with 
population and economic growth. 
13.2 Definition of Water 'Quality' 
At present, in Australia and in other western nations, the 'quality' of a particular water 
resource is generally assessed by 
measuring a series of water quality indicators and comparing these with 
established and recognised water quality guidelines established to protect certain 
designated environmental values, of which ecosystem protection is one. The 
indicators in use are almost exclusively physico-chemical in nature (e.g. 
nutrients concentrations, heavy metals concentration, temperature, colour), and 
this approach has drawn considerable criticism (Hart and Campbell, 1992, p. 
63). 
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The lack of biological indicators to assess the ecological and biological condition of a 
water resource is obviously a serious limitation with the present Australian Water Quality 
Guidelines developed by the Australian Water Resource Council (AWRC) in 1992. The 
future revised edition of the Australian Water Quality Guidelines3 is 'to provide a blueprint 
for extending the present water quality criteria for ecosystem protection to broader 
environmental or ecological criteria, where habitat, flow requirements and sediment quality 
are considered in addition to water quality' (Hart and Campbell, 1992, p. 63). This 
approach in assessing water quality has led to models of water uses in the past which were 
inadequate to protect the environment: 
Concern for the environment, demand for outdoor recreation, and interest in 
sustainable development are redefining how water is stored and distributed in 
river basins. In particular, tradeoffs between instream and offstream water uses 
have become increasingly important in planning and managing water resources. 
River basin models have focused on traditional water uses, including flood 
control, hydropower, irrigation, and urban water supply. Traditional water uses 
including preservation of the geomorphological and biological integrity of a 
river, as well as provision for water-based recreational activities, were 
considered of secondary importance (Diaz and Brown, 1997, p. 1). 
Biological integrity of a watercourse provides an indicator of health for a watercourse. 
The measurements are not restricted to the quality of water in the streams but extend to off-
stream including riparian zones and catchment areas. The Australian Water Quality 
Guidelines (AWRC, 1992) provide indicators of water quality for drinking water, irrigation 
water, recreational uses, livestock and industrial water. The main uses of water in industry 
are heat transfer (i.e. cooling systems), power generation and heating (DPIE, 1987). 
Specific water quality guidelines apply to the food and beverage industry, textile industry, 
iron and steel industry, tanning and leather industry, pulp and paper industry, and 
petroleum (ANZECC, 1992). 
13.3 Impacts of Riparian Buffers and Reforestation on Water Quality 
Water quality is affected by rainfall and land-use. Land-uses that have negative impacts on 
water quality include mining, agriculture, logging and clearing of riparian vegetation. 
Runoffs occurs naturally, but are altered if a change in land-use occurs. In North and Far 
As at January 2002, the revision to the 1992 guidelines were not as yet published. A reading of the 
working draft (for comments) reveals that biological indicators are included. 
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North Queensland, the change of land-use generally has meant clearing existing vegetation 
(mostly native forest) to establish crops and pasture. 
Tree planting and other types of revegetation on riparian zones in the Wet Tropics have 
many benefits; Table 13-1 lists some major benefits of tree planting on water quality. 
These benefits were compiled from the forestry literature. 
Table 13-1 
Benefits of tree planting on water quality 
Protection of biota in watercourses; 
Increase in water quality from irrigation quality to drinkable 
quality, thus savings in water treatment costs; 
Greater biodiversity in watercourses and riparian zones; 
Reduction of sedimentation and transport of agrochemicals 
(roads, swimming areas, water storages); 
Reduction in flood damage; 
Improved recreational fishing; 
Improved commercial fishing; 
Reduction in vermin (rats) and increase in predators (owls); 
Retention of nutrients in field; 
Reduction of bank erosion; 
Reduced eutrophication of stream; 
Lower saline watertable; 
Improved soil moisture status; 
Change microclimate; 
Lesser discharge of nutrients and sediment into the Great 
Barrier Reef; and 
Increased and uniform water yield in the long term. 
Amongst the positive impacts of reforestation are: lower saline watertables; reduced 
waterlogging; retention of nutrients and thus reduced eutrophication of streams, reduced 
erosion and runoffs, improved soil moisture status and changed microclimate (Cadman et 
al. 1991); and improved habitats for wildlife and riverine biota. Maintenance of water 
quality sustains and enhances whenever possible the biota, local native fauna, recreational 
value and intergenerational equity and reduces pressure upon protected areas such as the 
Wet Tropics of Queensland World Heritage Area and the Great Barrier Reef Marine Park. 
Disbenefits of riparian reforestation include creation of potential habitats for vermin, lower 
water yield in the short term, and the costs associated with establishment and maintenance 
of riparian revegetation. Most important amongst the negative impacts of riparian 
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reforestation are commercial tree plantations replacing natural vegetation in the riparian 
zone. Sattler noted that 'early plantations of indigenous and exotic pine species by the 
Queensland Forest Service and private companies often extended to the edge of 
watercourses causing significant loss of natural riparian zones. Methods for harvesting 
plantation timber in these situations to protect water quality and remaining wildlife values 
'pose an interesting challenge for foresters' (Sattler, 1993, p. 4). The challenge to 
foresters referred to by Sattler (1993), was to an extent overcome by the setting of 
management guidelines for hoop pine plantations along watercourses. 
The guidelines adopted for watercourse management in hoop pine plantations in 
South-East Queensland are designed to avoid gully erosion as well as to protect 
habitat and scenic values. Specific objectives include maintenance of riparian / 
instream habitat and scenic values along streams. Buffer widths range from two 
metres for minor gullies to 30 metres for larger streams recognising that it may 
be necessary to forego valuable hoop pine timber resource within these zones 
(Sattler, 1993, p. 18). 
Water temperature is another factor mat affects the reproduction and gender of many fauna 
species (i.e. amphibian and reptiles). Reduction in water temperature by permanent tree 
shade affects the biota. A change in composition of the biota is likely in the sections of 
watercourses where there is a change in the amount of sunlight. Determining the effects of 
shading on riparian biota is a complicated process. A computer model TEMP-84 has been 
developed by Beschta and Waterred (1984) to predict stream temperatures resulting from 
the management of streamside vegetation. Doeg and Koehn (1990, p. 44) pointed out that 
'any effect on water temperature will depend on the care of the harvester and the diligence 
of the controlling officers in maintaining the integrity of the buffer strip'. 
Riparian zones are important for maintaining stream quality and may act as wildlife 
corridors. The importance of riparian vegetation in filtering sediments, nutrients and 
agricultural chemicals has been highlighted by Russell (1992), Stanton (1992) and Russell 
and Hales (1993). Riparian vegetation has been shown to be vital to the efficient 
functioning of aquatic life (Koehn, 1992). Planting trees along streams to stabilise 
streambanks and filter runoff from adjoining lands is therefore an essential component of 
any strategy to restore aquatic ecosystems and improve water quality. The Queensland 
government has recognised the problems associated with clearing riparian zones by 
implementing integrated catchment management (ICM) programs, which aim at 
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developing a co-coordinated approach between all levels of government and landholders 
with the goal of sustainable management of natural resources. 
The width of the riparian buffer and its composition (vegetation type) play important roles 
in determining water quality. Wilson et al. (1996, p. 211) proved that 'the proportion of 
sediment delivered to the riparian buffer that gets through to the stream drops off quickly 
as the width of the buffer strip increases to about 10 m. As width continues to increase, 
however, its effectiveness per unit decreases - the model predicts that a 100 m buffer is 
only twice as effective as a 10 m buffer'. The inference of this prediction is that harvesting 
of trees can be conducted with minimal harm outside the first 10m of the buffer and the 
economic loss of trees that would not be harvested would be minimal. Along small creeks, 
a three-meter buffer is generally sufficient and the economic loss from non-harvesting is 
therefore much lower. 
13.3.1 Impacts of sugarcane crops on water quality 
The main crop in terms of area planted in north Queensland is sugarcane, a crop that 
requires large amounts of fertilisers. Until the 1980's, cane crops were burnt prior to 
harvest, creating pollution including large particles. Most of the sugarcane industry is 
located in alluvial areas of low land slope. However, overcoming erosion on steeper 
grades has challenged growers for many years, particularly near Innisfail, Mackay and 
Childers. The greatest soil erosion generally results from intense storms'during the 
November to March period. Soil losses can be severe on steeper grades and on highly 
erosive soil types. Soil movement rates of 227 t/ha (Sallaway, 1979) up to 382 t/ha 
(Matthews and Makepeace, 1981) have been recorded in cane land where ratoon crops 
were cultivated in the conventional manner which included burning the crop before 
harvest. An improved zero tillage system, known as green cane trash blanketing, resulted 
in the crop being harvested without prior burning and the residues being left on the surface. 
This practice emerged as an effective soil conservation tool in the late 1970s and early 
1980s (Sallaway, 1979; Matthews and Makepeace, 1981; Prove et al 1984) and offered the 
agronomic benefits of increased soil moisture retention, nutrient recycling and weed 
control as well as reduced labour demand. In the Wet Tropics of Queensland, average 
annual losses of 150 t/ha under conventional cultivation were reduced to 5 t/ha under green 
cane trash blanketing (Prove and Hicks, 1991). The quality of water in adjacent 
259 
watercourses was improved in terms of lower deposits of sediments while the soil used for 
sugar cane was kept moist. 
13.4 Water Quality in Major North Queensland Watercourses 
Water quality indicators are reported in Table J-l (in Appendix J), which relate to nutrient 
levels, flow measurements, sediment loads and biodiversity. 
A survey of groundwater for potential contamination in Queensland does not provide any 
evidence of contamination, except 'a small number of positive detections of chemicals 
such as atrazine and EDB. Keating et al. (1996, p. 162) could not find 'pesticides at 
concentrations close to, or above, the Australian drinking water standards'. When nutrient 
levels are high, particularly phophorus (P) combined with deep sunlight penetration (low 
turpidity) and water is still and weather conditions are stable, the risk of an algal bloom 
(cyanobacteria) becomes high. The Queensland Water Quality Task Force (QWQTF, 
1992, p. 38) reported that 'very few occurrences of blue-green algae have been reported' 
from north Queensland. Some minor algal events have occurred in the shallow backwaters 
of Lake Morris which supplies water to Caims, although the QWQTF (1992, p. 39) 
reported that the 'waters of Lake Morris come from a pristine catchment and are 
destratisfied in the lake by aeration'. 
Demand for water for agriculture, industry and domestic supply is growing as the 
population expands in the region. There are concerns that 'water extraction from streams, 
rivers and subterranean aquifers occurs at the expense of sustainable environmental flows' 
(Department of Primary Industry, 1993, p. 36). Tinaroo Dam on the Barron River was 
built to service agricultural irrigation, and a weir further downstream at Kuranda services a 
hydro-electric power station. These regulate natural water flows and alter the sediment 
flow downstream to the coastal plains. Water is also released from Tinaroo Dam to 
provide for the white-water rafting tourism sector. Water flow is therefore an important 
factor in assessing water quality and trees regulate that flow. 
13.5 Economic Methods to Evaluate Improvements in Water Quality 
The deterioration of water quality presents a case of market failure. 'An example of market 
failure would be where a landholder does not erect fencing to protect the riparian zone on 
his or her property because the fencing would not add productivity to the value of the 
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property. The costs - lowered water quality for downstream users, and loss of biodiversity 
- are external and do not affect the value of the property. These social costs are, however, 
bome by the community' (MDBC, 1996, p. 17). Clearing the riparian zone to cultivate 
sugarcane allows landholders to increase the output of their land in the short term, but 
leaves downstream water users with the costs of lower water quality. Zorzetto (1994, p. 
48) estimated that benefits from 'reduced soil loss to individual sugarcane producer would 
have to generate between $490 and $740 per hectare per year' to be worthwhile and even 
so 'the underlying point of these private benefits was they do not represent cash-in-hand 
benefits' to the landholder. The costs certainly required 'hard cash' (Zorzetto, 1994, p. 
48). Doeg and Koehn (1990, p. 35) reported that in the Wyvuri experimental catchments 
of North and South Creeks, an area of 25.7 ha near Babinda in the Far North Queensland 
Statistical Division, total sediment loads were 4.7 t/ha prior to logging, 10.9 t/ha after 
selective logging and 59.6 t/ha following clearing. These estimates indicate that 
reforestation would arrest transportation of sediments and provide benefit to the farming 
community. 
Changes in the physical and chemical characteristics of instream flow are triggered by 
point and non-point pollution sources in the watershed. As surface flow levels are 
depleted, pollutants become concentrated and water quality standards (e.g. as measured by 
dissolved oxygen level) may be violated. Enhancing instream flows provides economic 
benefits by mitigating the treatment cost that would be incurred by downstream*'water users 
to ensure compliance with standards (Young and Gray, 1972). 
Early studies using the hedonic price method to value irrigation water include those of 
Hartman and Anderson (1962) and Knetsch (1964). Torell et al, (1990) used this 
approach with data from over 7,000 farm sales in five western states of the United States to 
compute the present value of the average acre-foot of groundwater available for irrigation, 
which was about 'US$5 for the study area as a whole' (cited in Diaz and Brown, 1997, p. 
15). 
Other approaches to estimate the contribution of irrigation water to farm produce include 
the production approach, the programming approach and the econometric approach. These 
approaches are described in Diaz and Brown (1997). 
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13.5.1 Economic studies to evaluate the effects of instream flow on recreation values 
Daubert and Young (1981) and Duffield et al. (1992) presented functions with the 
marginal economic value of instream flow decreasing linearly with flow level from a 
maximum of $25 and $31/acre-foot, respectively, at 100 cubic foot/second (cfs), to a 
minimum below zero at sufficiently high flows. The negative value associated with high 
flows suggests that costs are incurred and what was a recreational enjoyment has become a 
negative experience. Walsh et al. (1980) and Ward (1987) presented demand relations that 
show the marginal value of instream flow rising to a maximum of $53/acre-foot (Walsh et 
al, 1980) and $41/acre-foot (Ward, 1987) at moderate flow levels, and then falling to zero 
at sufficiently high flows. Similarly Narayanan's (1986) demand function rises to a 
maximum value of $1.32/acre-foot at moderate flows, then drops to near zero at high 
flows. A rising marginal benefit curve at very low flows, as reported in the latter three 
studies, indicates that flows must reach some minimum level before additions to flow have 
the expected outcome (in terms of satisfaction) on the quality of recreation (Diaz and 
Brown, 1997, p. 33). 
13.5.2 Non-market economic values of environmental uses of water 
Willey (1992) estimated non-market (or unpriced) economic values of environmental uses 
of water for various groups of users in the United States. As can be expected, these values 
vary widely by location and uses of the water, as revealed in Table 13-2. The original 
estimates have been indexed and converted to 1998 Australian dollars. The CPI change 
from 1993 to 1998 is 15.8% (US Department of Labor, 1998) and an exchange rate of 
AU$1 to US$0.60 on average in 1998 has been adopted. Table 13-2 presents the economic 
values that users are willing to pay for various uses. 
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Table 13-2 
Non-market economic values of environmental uses of water 
Water use and area 
Recreation value 
Fishing / Colorado 
Shoreline / Colorado 
Kayacking / Colorado 
Rafting / Colorado 
Reservoir recreation / Colorado 
Recreation / Utah 
Recreation / New Mexico 
Bequest and Existence values 
Wyoming, Colorado, Alaska 
Mono Lake / California 
Fish and Wildlife value 
Fish Hatchery / California 
Salmon Spawning / California 
Water Oualitv value 
Shore Property / San Francisco Bay 
Value estimate (in 1998 Australian dollars) 
S41/AF 
S35/AF 
$ 9.60 /AF 
$ 7.5 /AF 
$ 93/AF 
$ 154/AF 
$ 30 - $ 52/AF 
$ 78 - $154/yr/h 
$ 78/yr/h 
$ 98/AF 
$ 102/AF 
$79,900/h or 11% of average home value 
Source: Adapted from Willey (1992, p. 93). 
AF = acre foot, 
h = household. 
one acre foot equals approximately 43,560 cubic foot or 1,233.5m3 
Table 13-3 presents the prices of water charged by water authorities of various American 
states for various uses. 
Table 13-3 
Comparison of 1990 Market Prices of Water in Different Uses 
Water uses and area 
Municipal 
Sierra Pacific Power / Nevada 
City of Greeley / Colorado 
Wichita / Kansas 
Metropolitan Water District / California 
Agricultural 
Tudor Mutual & Feather Water Districts / California 
Westlands Water District / California 
Boise River Water Bank / Idaho 
Environmental 
Grasslands Wetlands / California 
Stillwater Wildlife Refuse / Nevada 
Price ($/AF) 
200 
90 
40 
230 
8 
45 
6 
7 
30 
Source: Willey (1992, p. 93). 
It must be pointed out that in the above studies, the volume of water measured in acre/foot 
is an index of quality in the context of recreation. 
In attempting to determine the value of water quality improvement, it is necessary to 
identify the demand curves for water in an area by the different user groups at the quality 
they require. It is important to note that when comparing demand functions for water in 
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different uses, each function is a demand function for raw water. For example, it would be 
incorrect to compare demand for raw water in irrigation with demand for treated and 
delivered water in residential use. The latter estimates would include the cost of treatment 
and delivery whereas the former would not (Diaz and Brown, 1997). 
13.5.3 Economic benefits of trees as instruments to increase water volume: Alexandra's 
study in Victoria 
The Department of Conservation and Environment (DCE) of Victoria in 1990-91 planned 
to log over 1,000 ha of forest in the Thompson River catchment, most of which is 
understood to be ash forest. The revenue from logging according to DCE was $3,753/ha 
over a 60-year rotation, or an average of $62.50/ha/year (Alexandra, 1992, p. 119). 
However, Alexandra's study revealed that if logging were not to take place over the next 
60 years, an additional water yield of 3.7 ML/ha/year would be obtained. The total 
additional volume of water that could become available in 60 years time would be more 
than 42 Gl, representing around 10% of Melbourne's current annual water consumption. 
Water is sold by the Board to the full range of consumers in the Melbourne area at an 
average retail price of $677/ML. At this rate, the eventual value of additional water yield 
to Victoria through allowing the ash forests in the catchment to mature a further 60 years 
was estimated at $2,505/ha/year. The additional annual revenue from water production in 
the Thompson River catchment would exceed 'the total annual royalty revenue of DCE 
from forestry operations by about 40 to one' (Alexandra, 1992, p. 119). 
Alexandra's study at first glance contradicts every other study analyzing water yield 
differentials before and after logging. For instance, all the studies reviewed in Doeg and 
Koehn (1990) show that whatever way water yields are calculated, an initial increase in 
water yield follows logging. However, after some time, this increase declines towards pre-
logging water yield. The authors note that in only one case (O'Shaughnessey and 
Jayasurya, 1987) has the study been in progress long enough to show an eventual reduction 
in water yield below pre-logging level. The lack of canopy above a stream increases water 
evaporation and eventually may lead to the loss of water in some areas of the stream for at 
least part of the year. Water yield may also be higher prior to logging in tropical forests 
because of interception. Ferguson (1996, p. 48) notes that 'forests may be significant in 
increasing interception of atmospheric clouds, fogs or mists through the roughness of the 
canopy and boles and their additional height'. However, in lower rainfall areas the 
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converse may be apparent. In the long term, change in evapotranspiration from trees is 
related with age and canopy cover. Ferguson (1996, p. 49) explained that 'once beyond the 
seedling stage, young trees transpire more than old trees and dense forests transpire more 
than open forests'. Short-term effects relate to 'the capacity of the forest canopy and tree 
roots to reduce the surface flow and thus the rate of release of water to watercourses. 
Catchments with permeable sub-soil associated with deep-rooting forests may delay the 
peaking and rate of release of water from extreme events' (Ferguson, 1996, p. 49). Trees 
may also allow the water time to penetrate the soil and replenish aquifers. Water from 
aquifers may then be used for agriculture in the dry season. 
Subramaniam (1995) and Subramaniam et al. (1995) within the Indian forestry context 
explained the increased volume of water available because of reforestation thus: 
The leaf litter and humus on the forest floor prevents by mechanical obstruction, 
gaining velocity of rain water, reduces surface run-off and accelerated water 
erosion, at the same time allowing more water to sink and available in future as 
sub-soil moisture to plants and all human needs. The humus acts as sponge, and 
sub-soil water will be available (up to 40% extra) compared to barren areas with 
no tree growth. Due to more water available, for longer periods, there will be 
more water in wells, tanks and irrigation...resulting in more agricultural and 
industrial production, (Subramaniam, 1995, p. 1). 
The above author also added that: 
The environment is more stable in a forested catchment, due to reduction m silting 
of water channels and water reservoirs, stability and control in water flow thereby 
reducing flash floods and loss to property and life (Subramaniam, 1995, p.l). 
This latter statement was confirmed by experiments conducted in New Zealand by Fahey 
and Jackson (1995), who observed that 10 years after grassland was converted into pine 
plantations, 'mean flood peaks had fallen by 68% for small storms and 57% for large 
storms. Quickflows had decreased by about 50%'. On the question of water yield, the 
authors could not observe any difference for the first six years. After this period, they 
observed a 19% reduction in run-off and after 10 years, a reduction of 25% after pine 
replaced grassland. The main reason to explain the reduction given by the authors is 
'higher interception losses from increased canopy evaporation' (Fahey and Jackson, 1995, 
p. 10). It is to note that evapotranspiration does not necessarily translate into a decrease in 
water yield if the precipitations that follow are over land. 
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There is also some evidence that trees do not necessarily reduce the discharge of 
groundwater to streams. A number of trials have been conducted by the Water Authority 
of Western Australia that aimed to establish the effect of revegetation on groundwater 
levels. Most trials were in the catchment of the Wellington Dam and Mundaring Weir, 
Western Australia, where the average rainfall is between 600 and 900 mm per year. Raper 
(1998) found that despite below-average rainfall over the life of these trials, absolute 
groundwater levels had not fallen under all areas where plantations were established, 
usually there was a decline relative to pasture sites. There are also some documented cases 
where tree planting failed to significantly change the rate of groundwater rise, but these 
failures can generally be attributed 'to poor site selection and the small areas planted' 
(RIRDC, 1998). In high rainfall zones, reforestation will revert dry-weather flow patterns 
to what they were before clearing (O'Loughlin and Nambiar, 2001, p. viii) 
13.5.4 Economic benefits of trees to improve water quality: The Murray-Darling Basin 
Commission study 
The Murray—Darling Basin Commission (MDBC) study is a relevant study to mention in 
this thesis because it is the only detailed economic study in Australia that estimated in 
dollar terms the benefits of tree planting on water quality. While the issues are quite 
different than in north Queensland, the values obtained by the MDBC provide benchmarks. 
The Murray-Darling Basin has been the subject of conflict between various water user 
groups. The main issue in the Murray-Darling Basin is salinity that affects all users and a 
related issue is water allocation to the various groups. The Murray-Darling Basin 
Commission (MDBC) was created by the Commonwealth Government in 1993 to identify 
the water-related issues in the Murray Darling Basin and to provide recommendations to 
the Commonwealth and to the States involved to implement strategies that are consistent 
with ecological sustainable development (ESD). As part of this work, an economic 
analysis of water quality was undertaken. Various strategies to improve water quality in 
the basin were costed, including scenarios relating to tree planting. 
Table 13-4 reports the social and private benefits of planting trees at high density in the 
Murray-Darling Basin as estimated by the MDBC (1994) and the improvement in water 
quality prior to and after tree planting. The percentages relates to improvement in water 
quality from existing quality. The catchment area considered is 200,000 ha. The table 
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consists of two parts: 'generic benefits' that are social benefits and 'dense trees' which 
provide benefits that are essentially private. The improvement in water quality from high-
density tree plantings is 38% compared to perennial pasture (35%), wide-spaced trees 
planting (36%) and remnant vegetation (11%). 
The benefits of water treatment, calculated at $5.4m per year ($27/ha/yr) in downstream 
areas are costs no longer required as a result of sustainable management of the catchment. 
The MDBC also allocated the benefits to on-farm beneficiaries, the downstream 
community and the wider community (outside the catchment area). 
Table 13-4 
Value of annual benefits of tree planting on water quality 
in the Murray-Darling Basin 
Name of benefit 
Generic benefits 
Reduced maintainance 
Later-generational equity 
Potable water 
Improved water quality 
Riparian vegetation recovery 
Drainage line vegetation 
Dense trees 
Opportunistic production 
Lowered water table 
Shelter 
Increase land value 
Increased amenity value 
Generic benefit share 
Unit 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
$/ha/yr 
Rate (a) 
27 
30 
2 
30 
6 
4 
2 
10 
40 
5 
18 
5 
38 
Private 
On-farm 
benefits 
10 
6 
5 
18 
4 
Public 
Downstream 
community 
5 
25 
10 
1 
1 
1 
19 
1 
17 
Wider 
community 
22 
5 
2 
20 
1 
1 
1 
15 
21 
a) Total benefit per unit before allocation to various beneficiaries. 
Source: MDBC, 1994, p. 41. 
To arrive at some of the results presented in Table 13-4, the MDBC performed the 
following calculations. Infrastructure maintenance and replacement benefits were 
calculated at $6m/year ($30/ha/year) in reduced costs. In the case of the willingness to pay 
for intergenerational equity, the benefit of $2/ha/year was calculated on the basis of 15,500 
households in the catchment area who were willing to pay $25 per household per year on 
average to allow future generations to have the same water quality and water production as 
today's generation (MDBC, 1994). 
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13.5.5 Social benefits of riparian zone in the South Johnstone catchment area 
Zorzetto (1994) conducted a cost-benefit analysis of retaining and re-establishing the 
riparian zone in the South Johnstone river catchment in North Queensland. Her method in 
quantifying improvement in water quality was the defensive expenditure on water 
treatment costs in the northern area of the Johnstone shire. Zorzetto assumed that riparian 
vegetation contributes approximately 20% to water quality and annual treatment costs are 
$315,000 (Zorzetto, 1994, p. 33). The saving on treatment cost was estimated as 
approximately $63,000 per year beginning four years after planting (Zorzetto, 1994, p. 
33). The net saving in treatment costs of $63,000 was made if an area of 1,800 ha 
consisting of a 20m buffer on each side of the watercourse was planted with trees. This is 
equivalent to $35/ha/year. The study found that if a 30m buffer were required, the area of 
planting would increase to 2,700 ha and the net saving in treatment costs would fall to 
$23.35/ha/year. 
13.6 Economic Benefits of Water Improvement from CRRP Plantings 
The area planted with trees in the CRRP from 1992-93 to 1994-95 is approximately 1,142 
ha. Some of the plantations are near watercourses, while some plantings are adjacent to 
existing native forests. In each case, the plantings act as buffer zones. Trees planted in a 
catchment area protect water quality by arresting movement of soil, retaining moisture and 
lowering the watertable. 
13.6.1 Assessment of water quality improvements in North and Far North Queensland: 
Some consideration 
Assessing water quality improvement in the North and Far North Queensland (FNQ) 
Statistical Divisions due to the CRRP plantations is difficult because of other tree schemes 
such as the Wet Tropics Tree Planting Scheme and DPI-Forestry plantations as well as 
trees planted but not reported by individuals which all contribute to an improvement in 
water quality. Furthermore, gold, hard rock, clay and gem mining are important extractive 
industries in the North and FNQ Statistical Divisions involving hundreds of small 
companies working the creeks. Miners alter the flow, build dams and remove material 
from the stream to deposit it on the banks. In the past, wastes were often not disposed in 
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an environmentally safe way. Legally binding Standard Environmental Conditions for 
small miners have been prepared in consultation with the industry and the community. 
The implementation of these conditions would improve water quality. 
Another difficulty in assessing the economic benefits of improvement in water quality is 
that clearing of native vegetation in riparian zones and clearing of native forests on private 
properties, if not stopped, may negate the beneficial impacts of reforestation. At present, 
the annual area of vegetation clearance on private properties in North and FNQ including 
native forests exceeds reforestation in these statistical divisions. Under these conditions, 
the benefits of the CRRP on water quality (and other social benefits) arise simply from 
maintaining the present level of water quality and relieving pressure on the adjacent World 
Heritage areas. 
Water storages benefit from tree planting because sedimentation and the level of 
agricultural chemicals in dams will be lessened, thus reducing water treatment costs. 
Drainage and discharges from water storage affect water quality because it creates 
turbulence, and in watercourses, drainage creates plumes that affect both water quality and 
biota. 
It is not possible to derive independent estimates of water quality improvements for the 
CRRP; therefore, the method of benefit-transfer methodology has been adopted. The 
advantages and disadvantages of this method were explained in Chapter 9. 
13.6.2 Water treatment costs foregone in the CRRP 
Treatment costs provide a market value for the improvement in quality required for water 
to be drinkable. Water treatment costs for each local government authority (LGA) in 
FNQ-SD were obtained by telephone from the persons in charge of water treatment. These 
costs are presented in Table 13-5 together with the type of treatment and the number of 
water treatment plants in operation in each LGA participating in the CRRP. The most 
common water treatment is chlorination. This type of treatment is relatively inexpensive, 
Standard Environmental Conditions are similar to Codes of Practice except that they have to be 
complied with under the Environmental protection Act (1994) . 
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but the need for chlorination is not obvious5. In the Douglas shire, groundwater is also 
used without any treatment. In the Mareeba shire, filtration is required because the water 
pumped from watercourse is red in colour due to sediments. 
Table 13-5 
Water treatment costs by shires in Far North Queensland, 1998 
Shire Average annual 
costs ($) 
Amount of water 
treated (ML) 
Type of treatment 
Douglas 
Atherton 
Herberton 
Cardwell . 
Cook 
Thuringowa 
Johnstone 
Mareeba 
Nil 
$55,500 
$40,000 
Nil 
$1,300,000 
$620,000 
Nil 
430 
Nil 
2,920 
4,533 
No treatment, use of groundwater. 
Not known 
Chlorination at Ravenshoe (300ML/year) and micro 
filtration at Mt Gartnet (l30ML/year). There is no treatment 
at Herberton. 
Chlorination. 
Not known. 
Decolorisation, filtration and chlorination ($0.45/KL) 
Conventional treatment (pumping, filtration, chlorination), 
Mareeba treats about 4.000ML of water at a cost of 
$460,000 ($0.12/KL) and Corinda 533 ML at a cost of 
$160,000 ($0.30/KL). 
Total costs $2,025,500 7,833 
Sources: G. Simmers (Mareeba Shire Council), K. Dielhof (Herberton Shire Council), 
H. Raiti (Cardwell Shire Council), Caroline (Douglas shire), Robin (Cook Shire), 
J. McCorkall (Thuringowa City), W. Higgins (Johnstone shire), and 
Filters at the Mt Gartnet water treatment plant, in the Herberton shire, have to be changed 
on average every 18 to 24 months at a cost of $25,000. There are also costs of labour of 
$2,000 and material of about $3,500 to service a rural-residential area of about 450 people 
(Dielhof, 1998). 
The approximate costs of water treatment in the CRRP are estimated at $2m per year to 
treat about 7,800 ML of water, as indicated in Table 13-5. The assumption that riparian 
vegetation in north Queensland contributes 20% to water quality and therefore in savings 
in water treatment (Zorzetto, 1994) cannot be used for this study because only 3.9% or 44 
ha of the total area planted6 are on both sides of a watercourse with a 20m buffer. The 
riparian zone in the CRRP therefore represents only 0.5% of the savings estimated by 
Zorzetto (20% savings for 1800 ha planted). The future saving in water treatment costs is 
estimated at $9,922 per year ($2,025,000 x 0.5%) for the LGAs that presently have water 
Heated arguments for and against chlorination have been widely publicised in the media in the context 
of the Brisbane City Council. To date, proponents against chlorination have won the argument. 
Percentage based on landholders survey, whereby 17 respondents had planted 44ha on riparian zones. 
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treatment costs. Tree planting on riparian zones may have postponed the construction of 
water treatment plants for those LGAs that do not have any water treatment at present. 
The future annual saving of $10,127 represents an average saving of $8.70/ha 
($9,922/1,142.2 ha) across all CRRP planting. This is lower than the amount saved in 
water treatment costs estimated by Zorzetto (1994) and the MDBC (1994) of $35/ha and 
$30/ha respectively. However, in both of these studies tree planting was solely on riparian 
zones with improving water quality as a main purpose of the planting. These benefits were 
assumed to accrue four years after the initial planting. 
13.6.3 Estimation of economic benefits derived from improved water yield in the CRRP 
The findings of Alexandra (1994), Subramaniam (1995), Fahey and Jackson (1995), and 
Ferguson (1996) suggest strongly that an increase volume of water will become available 
for use in the North and Far North Queensland statistical divisions (SDs). 
The total benefits are estimated with reference to the population that will be affected in the 
North and Far North Queensland statistical divisions over 50 years. Department of Primary 
Industries (1993) published statistics related to each of the six catchment areas in the North 
and Far North SDs, as presented in Table 13-6. Figure 2-4 in chapter 2 also mapped the 
locations of water resources for the local government areas participating in the CRRP. 
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Table 13-6 
Population, landuse, rainfalls, runoffs, agricultural value and fishing value in North and Far 
North Queensland catchment areas 
Catchment statistic Catchment 
Area (km2) 
Population est 1993 (in 1000s) 
Projected population 2001 (in 
1000s) 
Grazing land (km2) 
Cropping land (km2) 
Area under irrigation (km2) 
Area State forest native (km2) 
Area of National Parks (km2) 
Area of State forest plantations 
(km2) 
Area of timber reserves (km2) 
Average annual rainfall (mm) 
Average annual runoff 
(1.000ML) 
Volume of major storages larger 
than2,500ML(l,00OML) 
Gross value agricultural 
production (Sm) 
Herbert 
12,130 
18 
19 
7,970 
447 
19 
1,094 
382 
34. 1 
73.9 
800-
2,000 
5,000 
113.2 
Tully-
Murray 
2,825 
22 
27 
530 
151 
18.1 
1,638.8 
166 
51.1 
5.4 
800-
>2,000 
5,300 
212 
84.7 
John-
stone 
2,330 
8 
9 
570 
359 
23.0 
765.5 
146 
4.3 
1,200-
>2,000 
4,700 
110.7 
Mulgrave-
Russell 
2,020 
73 
115 
160 
313 
16.2 
524.4 
420 
3.5 
33.6 
1,200-
>2,000 
4,200 
45 
78.9 
Barron 
2,175 
27 
37 
1,200 
116 
39.7 
765.3 
50 
30,0 
23.5 
1,000-
>2,000 
1,150 
407 
57.0 
Mosmann-
Daintree 
2,615 
7 
14 
930 
98 
1.6 
447.2 
773 
756.8 
1,000-
>2,000 
4,250 
95 
24.5 
Total 
24,095 
155 
221 
11,360 
1,484 
117.6 
5,235. 5 
1,937 
118.7 
216.5 
24,600 
755 
439 
Fish value 
Recreation 
Commercial 
Environmental 
VH 
M 
H 
VH 
H 
H 
VH 
H 
H 
VH 
M 
VH 
H 
H 
M 
VH 
H 
VH 
VH = very high value, H = high value, M = medium value 
Source: Department of Primary Industries (1993, p. 83). 
From Alexandra's study, it is estimated that one hectare of plantation increases the volume 
of water available for use after 30 years by 3,700 ML per year. Alexandra used the market 
price of treated water to estimate the value of increased water yield. The Department of 
Natural Resources (1997) in its annual report presented the cost of water for different uses, 
including a rate for water consumed in excess of allocated volume. The rates charged for 
water depend of where the water comes from and the volume required. A list of these 
prices for rural dwellers is provided in Table G-2 of Appendix G. 
In 1994-95, about 127,000 ML were allocated by DNR for irrigation purpose in north 
Queensland; of this about 104,000 ML was released and 69,795 ML was delivered to 
irrigate 16,131 ha (DNR, 1997). For stock and domestic purposes, the total allocation of 
1,136 ML was fully consumed. This means that at present there is more than enough water 
to satisfy the demand for irrigation purposes. The extra volume of water can be stored for 
use in the cities and towns of north Queensland. Under these circumstances, the 
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appropriate price for raw water is the lowest price paid for water from Tinaroo Falls Dam, 
which is set at $6.80/ML. With 1,142 ha of trees planted in the CRRP, it is expected that 
an extra water yield of 3.7 ML/ha/year as estimated by Zorzetto with a value of $25.16/ha 
(3.7 ML/ha @ $6.80/ML) will be generated, or 4,224 ML (3.7 ML x 1142 ha) will be 
produced per year. It is assumed that the commencement of this benefit is to be 30 years 
from the initial plantings, following Kuczera (1985). Between 1993 and 2023, the quantity 
of available water is assumed to decrease because of the trees taking up the water, but with 
the added benefit of less flooding. 
For the estimation of total increased water volume, Eono and Harrison (1996a) found that 
at least 28% of the CRRP landholders planted trees near watercourses and water storages 
as well as on slopes. As at June 1995, the land area, prepared by the 400 landholders for 
CRRP plantings, averaged 2.8 ha. With these assumptions, the total area of CRRP planting 
along watercourses, water storages and slopes would be 320 ha. With the increase water 
yield valued at $25.16/ha, the total benefit is $8,051 per year, assumed to begin 30 years 
after planting. In the context of the CRRP as a whole (l,142ha), the average value is 
$7.05/ha/year. The benefit flows from tree planting in the CRRP upon water quality and 
water quantity are presented in Table 13-7. The economic benefit flows from water quality 
improvement are modest and have a present value (in 2001 dollars) of $0.1 m. 
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Table 13-7 
Annual economic benefits derived from improvement in water quality in 
the CRRP catchment areas by year of planting 
Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
1992-
93 
0 
0 
0 
0 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
2,315 
Benefit flow ($) 
1993-
94 
0 
0 
0 
0 
0 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
3,794 
1994-
95 
0 
0 
0 
0 
0 
0 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
3,826 
1992-
95 
0 
0 
0 
0 
2,315 
6,110 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
9,936 
Year 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
Total 
1992-93 
2,315 
2,315 
2,315 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
4,190 
148,206 
Benefit flow ($) 
1993-94 
3,794 
3,794 
3,794 
3,794 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
6,866 
242,853 
1994-95 
3,826 
3,826 
3,826 
3,826 
3,826 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
6,922 
244,858 
Present value (7%) (1993 dollars) 
Present value (7%) (2001 dollars) 
1992-95 
9,936 
9,936 
9,936 
11,811 
14,882 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,979 
17,141 
15,097 
647,445 
88,991 
101,539 
13.7 Discussion 
The water economic benefit obtained in this study is considerably less than for the values 
of water quality estimated overseas and in other Australian studies. The CRRP appears to 
make a small contribution towards improvement in water quality in the North and Far 
North Queensland statistical divisions. Other programs that deal specifically with the 
management of catchment areas, and policy initiatives that deal with the environmental 
management of mines and other developments, will contribute more to improve water 
quality. 
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It is indisputable that reforestation, in particular along watercourses and water storages, 
improves water quality. 
In the Murray-Darling Basin, the main issue of deteriorating water quality is salinity. In 
order to obtain fresh water, expensive water treatment is required. Currently, water is 
generally of a drinkable quality in Queensland and therefore any improvements would not 
be noticeable in the short term. However, salination of soil and water is an emerging issue 
in North and Far North Queensland, with 206,534 ha that will be potentially affected in the 
North Coastal catchment area by year 2050 (National Land and Water Audit, 2000, p. 27), 
and without tree planting, many LGAs in north Queensland might have to install water 
treatment plants. 
The difference between the value of water quality improvement estimated in this study and 
those of Alexandra's study can be explained as follows. The issue raised in the Thompson 
River catchment concerns available water for the growing population of Victoria. From 
the statistics provided by the Department of Natural Resources, the quantity of available 
water is not presently an issue in North and Far North Queensland. In the longer term, 
however, with population growth, there will be more demand on water of drinkable 
quality. The increase in available water of drinkable quality may be translated to lower 
real prices for water. 
Some benefits from improvement in water quality have not been taken into account in this 
analysis. For instance, an important aspect of water quality is in recreational use (i.e. 
improved fishing). No studies have been undertaken to measure the value of recreational 
fishing in north Queensland, although a report by Roy Morgan Research (1996) provides 
data on the numbers and origins of people fishing in north Queensland watercourses. 
However, the report does not provide for the quality of fishing (over time or at a specific 
time), or the value of the catch or more importantly how the catch was affected by water 
quality. 
Maintenance of a level of water quality which sustains and enhances whenever possible the 
aquatic biota, local native fauna, scenic value, recreational value and intergenerational 
equity, means that less pressure will be forced upon protected areas because of less 
sediments and agricultural chemicals in watercourses. The improvement in water quality 
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may attract more tourists inland, thus decreasing visitors pressure on the Great Barrier Reef 
Marine Park. In particular, watercourses east of the Atherton Tablelands end in estuaries 
that adjoin the Great Barrier Reef Marine Park, another World Heritage listed area. 
Improving water quality in watercourses will contribute to the survival of the Great Barrier 
Reef. 
CRRP plantations are dispersed across the North and Far North Queensland statistical 
divisions, thus the issue of additivity of benefits across LGAs is a concern for estimating 
water quality improvement. While in the case of carbon sequestration, location was 
irrelevant; location of where the trees are planted becomes an issue as far as water quality 
in watercourses and water storages is concerned. This issue is an empirical one that would 
require extensive experimentation. 
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Chapter 14 
VALUATION OF OTHER ECONOMIC BENEFITS OF 
REFORESTATION IN THE CRRP 
This chapter discusses economic benefits of tree plantings in the CRRP that were 
important to the survey respondents. The benefits for which quantification could not be 
ascertained in the CRRP include training and education, research, tourism as well as 
windbreaks benefits on crop yield and livestock, amenities values and improvement in 
property values. 
The first two sections of this chapter focus on education and training, and research benefits 
derived from the CRRP. The third section discusses the effects of tree plantings on crop 
yields and livestock productivity, and the fourth section discusses tourism benefits derived 
from the CRRP. The fifth section assesses the conservation benefits derived by 
landholders who do not plan to harvest their timber. The sixth section discusses the 
amenity values derived from tree plantings in the CRRP, and whether property in rural 
areas attract higher premium compared to properties that are not forested. 
14.1 Evaluation of Training and Education in the CRRP 
The workforce in the CRRP was mainly provided through a Commonwealth government 
funded labour market program implemented in 1992 for young people between the age of 
15 and 20 years old, called the Landcare and Environment Action Program (LEAP). The 
time allocation for training in this program consisted of 50% on-the job training and 50% 
on education at TAFE colleges. Participants received a payment of $125 per week if they 
were aged from 15 to 17 years old, and $150 per week if they were aged from 18 to 20 
years old. Experienced workers (from QDPI-Forestry) were allocated to supervise teams 
of 10 trainees. The CRRP as a labour force broker also received $3,930 from the 
Commonwealth to train each participant. 
In 1992-93, the program employed and trained 50 LEAP placements and 10 supervisors. 
In 1994, 220 LEAP placements, 17 Job Start placements, 17 General Forest Workers and 
21 Field Supervisors were employed and trained (CRRP Committee, 1993-94). In 1995, 
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237 LEAP trainees and 27 older participants worked through the program (CRRP 
Committee, 1993-94). 
The training took an holistic approach including (besides how to plant the seedlings) 
literacy courses and communications skills, and instilled into the trainees a level of self-
confidence, winch became an asset once the training finished. 
14.1.1 Rationale for labour market programs 
Labour market programs have a long tradition that preexisted any formal economic theory. 
Their appearance coincided with the 'transition from agrarian feudalism to industrial 
capitalism and the emergence of unemployment as we define it today' (Webster, 1998, p. 
4). Early labour market programs (LMPs) existed in Amsterdam in 1596, and similar 
organisations have been found among the writings of seventeenth century English and 
French authors (See Garraty, 1978). Amongst those were schemes to provide vocational 
training for pauper children, to 'force labour at "moderate" wages, to coerce work for ones' 
board and lodgings and to compel service at sea. At times these measures were reinforced 
by law and penal sanctions and, at others, they were run by charitable institutions for the 
moral benefit of paupers, vagrants and the destitute' (Webster, 1998, p. 4). 
The rationale for LMPs or jobs creation programs is today not much different than it was 
four hundred years ago. They raise the employability of a person simply by reducing the 
costs to an employer of hiring that particular person. The mechanisms for raising the post-
program employability are common to the four types of programs in existence, namely job 
brokering services, private sector wages subsidies, training subsidies and public sector job 
creation programs. First, they may reduce the job search process by improving access to 
relevant employers. This not only increases the chances that the participant will secure a 
job offer but should also assist them to find a better paying job ceteris paribus. Secondly, 
LMPs may raise the intrinsic profitability of hiring a person by improving the participants' 
formal and informal work-related skills and increasing their motivation and confidence. 
Psychological studies in Australia and overseas have found support for the hypothesis that 
the experience of unemployment increases the person's feeling of helplessness and loss of 
control over their lives. These attributes in turn affect the person's ability to recognise 
problems and retrieve, evaluate and interpret information, and their decision-making 
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capacities (Goldsmith et al., 1996). Thirdly, by providing the employer with more 
knowledge about the person, LMPs reduce the uncertainty associated with hiring them. 
14.1.2 Evaluation of outcomes of labour force market programs 
Outcomes of LMPs are usually evaluated in terms of employability in the UK and in 
Australia or in terms of earnings in North America and Sweden. 'The immense difficulties 
to estimate the magnitude and sign of the benefits arising out of programs preclude serious 
cost-benefit analyses based on the costs to taxpayers and the costs to program participants' 
(Webster, 1998, p. 15). Many evaluation studies by DEETYA estimated the program costs 
per successful participant but these estimates were not intended to be full economic cost-
benefit analyses (Piggot and Chapman, 1995). Similarly, a large UK study found that 
unemployment experience has only a temporary effect on earnings if the participants 
subsequently regain stable employment (Gregory and Jukes, 1997). Whether these 
improvements are exploited depends on whether the participant can move readily into open 
employment, because otherwise the benefits are likely to depreciate quickly (Stretton and 
Chapman, 1990). 
Three alternative outcomes from labour programs can be envisaged (Webster, 1997, p. 13). 
Those alternatives are: 
1. Labour programs do not change the outcome for the selected individual both 
during the program period and after the program has ended because they would 
have obtained the job and/or training position anyway, and/or they returned to 
the unemployed state after the program has ended. 
2. Labour market programs have improved the job prospects of the selected 
individual, both during and after the program, but this has been primarily at the 
expense of another person, who may or may not be disadvantaged as well. 
3. Labour market programs have improved the work-related skills of the selected 
individual and this has led to higher employment because effective supply of 
labour has risen, ceteris paribus. This may be felt by a fall in the vacancy rate, 
(i.e. inward shift of the Beveridge curve), a fall in certain real wage rates which 
now makes employers more willing to offer additional jobs, or a fall in wage 
inflation which leads governments to adopt a more expansionary monetary and 
fiscal policy. 
14.1.3 Findings from, ecent studies evaluating labour market programs 
Most empirical evidence from Australia and elsewhere indicate that 'programs improve 
participants' employment experiences for at least a year or two after leaving the program' 
(Webster, 1997, p. 2). However, most of this improvement could well be at the expense of 
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other job seekers. There is a lack of convincing evidence that the programs reduce wage 
pressures enough to permit an increase in total employment, although Access Economics 
(1997) assumed this the case. The argument made by Access Economics (1997) is that 
wage pressures would ease because LMP participants compete and displace existing and 
higher paid employees in the workforce. However, there is strong evidence that 30% of 
labour program participants would have found work without any program assistance within 
six months. Nevertheless, 'labour market programs appear to have intrinsic worth as an 
equity instrument for they provide hope and opportunity to the most disadvantaged of all 
job seekers' (Webster, 1997, p. 2). A difficult issue of assessing is who should be funded 
as a priority without being inequitable. 
Webster (1997, p. 20) found that 
results from a broad variety of microeconomic evaluations suggest that labour 
market programs do have positive economic effects on participants' post 
program outcomes, however, the standard errors of the estimates, when 
presented, are often large. Few evaluations attempt to measure the in-
program outcomes (i.e. whether the participant would have attained a job or 
training position without the subsidy). 
With respect to the post-program effects, Webster (1997, p. 21) concluded 
that they are sensitive to the time horizon of the outcome period, and the-;type 
of program. Overseas placement programs exhibit the most reliable positive 
post-program effects and job creation programs the least. There is some 
indication from overseas that the beneficial effect of short labour market 
programs declines beyond the first few years after the program, but this effect 
has not been tested for Australia. 
From this review, the author of this thesis infers that benefits from training, programs exist; 
however, the magnitude of these benefits is not clear because of a lack of follow-up of 
trainees after they left an LMP and a lack of data related to the trainees. For instance, why 
do they register for a particular program, in instances where they are not coerced to register 
(e.g. loosing social security benefits is a strong incentive to join a program)? Comparative 
studies undertaken two to five years after the end of a labour market program between 
people with similar education levels and background but divided in two groups - a group 
who had a traineeship and a group who did not - would provide the economic value of the 
training in terms of earnings. Any differences emerging between the two groups would 
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most probably relate to differences in skills that would have been acquired within a labour 
training program. The long-term value of the training could then be adequately appraised. 
14.1.4 Outcomes measured in the education and training component of the CRRP 
Before evaluating the objectives of LEAP, which is a LMP, the objectives of the program 
are reiterated. The primary objective of LEAP was to improve the employment prospects 
of young unemployed people between 15 and 18 years by broadening their practical 
experience and equipping them with new skills through formal training and practical 
application of these skills. The secondary objective of LEAP was to provide participants 
with the opportunity to apply new skills to projects that promoted environmental 
conservation and cultural heritage outcomes and hence provided community and 
environmental benefits (O.Neill, 1997). 
Sixty percent of LEAP trainees obtained a job or a place in an educational institution after 
completing the six months training scheme in 1992-93 (Sheperd, 1994) and this rate 
appears to have been maintained in later years. For instance in 1995, an assessment of 
trainees three months after completing training found that 61% had permanent work or had 
enrolled in further studies (NQPJB, 1995). Follow-up of CRRP trainees three months after 
they left the CPRP was undertaken locally, but the data was not published. However, 
DETYA that ran this LMP conducted national studies in 1996 to assess LEAP. DETYA 
studies evaluated outcomes of a program by surveying 'people who have been in a labour 
market program (LMP) eight months after finishing a program against people who were 
not in a LMP. An outcome is defined by DETYA as 'positive' if 'a proportion of 
participants had found unsubsidised work or while not employed, were participating in 
non-DETYA education or training places three months after leaving assistance' (O'Neil, 
1997, p. 4). DETYA also measured the 'net impact1. The net impact is the difference 
'between the employment outcome levels of program participants and those of similar 'job 
seekers who have not been assisted' (O'Neill, 1997, p. 4). 
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The cost per 'net impact'' is described as 'the cost to government for each person who got 
an unsubsidised job specifically as a result of having participated in a program' (O'Neil, 
1997, p. 4). According to DEETYA, net unit costs are 'equal to the average gross unit cost 
of assistance minus the average savings in JobSearch and NewStart Allowances payments 
accruing to the Department of Social Security (DSS) as a result of job-seekers participating 
in a program' (O'Neil, 1997, p. 4). As a result of these studies, LEAP was found to be 
inefficient in achieving positive outcomes. The high-cost program per trainee that found a 
job after training was not justified when measured against the goals. The data available for 
LEAP are only available for the years 1994-95 and 1995-96 while unit costs are also 
available for 1993-94. These data are presented in Table 14-1 and relate to national 
outcome from LEAP. 
Table 14-1 
Estimated national costs of LEAP 
Commencements (number of 
persons) 
1993-94 1994-95 1995-96 
na 14,930 13,000 
Positive outcome (%) 
1993-94 1994-95 1995-96 
na 40.0 33.7 
Program costs ($m) 
1993-94 1994-95 1995-96 
na 93.7 89.0 
Unit 
costs ($) 
1993-94 
6,241 
Source: O'Neil (1997, various pages). 
There is no reason to believe that the outcomes of LEAP in 1992-93 and 1993-94 were 
substantially different from the outcomes of years when data are available. 
As a consequence of the poor outcome for LEAP, this program was abolished by the newly 
elected liberal-national coalition government in 1996 and was replaced by new LMPs 
where emphasis was on-the-job training excluding the 'class-room' component of LEAP. 
The cost per 'net impact' is derived by taking the cost per positive outcome (expressed in dollars) 
multiplied by the positive outcome of the program (expressed in percentage) divided by the net impact 
(expressed in percentage) (O'Neil, 1997, p. 4). Measurements of net impact allow for criteria such as 
'duration of unemployment, age, gender, educational attainment and geographical location (so that the 
groups being compared are, from an employment perspective, similar). They represent, according to 
DETYA's advice to the Senate Committee, the average net impact for all program participants but do 
not control for differences in client characteristics between programs, such as the proportions of places 
taken up by the long-term unemployed. The lower the positive outcome rate for any program, the 
higher the cost per positive outcome. It is always important to note that the object of deriving these 
costs is to estimate a success rate vis-a-vis a similar unassisted group' (O.Neil, 1997, p. 4). 
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The private value of the training and education provided on the CRRP is impossible to 
assess without a specific survey of CRRP trainees. The benefits of training for young 
people who had left the mainstream educational institutions (such as high schools) have 
other social implications for north Queensland towns. In particular, engaging unemployed 
young people mainly from inland communities meant that the likelihood that they will 
remain in these communities is higher than otherwise would be the case. Currently, many 
people, especially young people leave inland towns with a bleak future because many 
services - government services, banks, utility companies - are closing down, and move to 
coastal cities and large towns which offer more work opportunities. Some education 
components of LEAP such as literacy and numeracy would be difficult to instill in people 
where the LMP focus is only on-the-job training with no classroom teaching. 
The sketchy evaluation available at a local level of the training and education program in 
the CRRP suggests that the outcome is similar to the pattern that Webster (1997) found in 
other Australian LMPs from the 1970s to 1996. In particular, he found difficulties in 
assessing LMPs in isolation at both micro and macro-economic levels. For the CRRP, the 
data are not available as to how many young people went to further studies and how many 
found permanent work nor how the wages they earned in the two years after their training 
differed from the wages earned by those without this specific training. If 30% of the 
participants would have found jobs without the training obtained from this program, this 
leaves a real success rate of 31% in terms of program positive outcomes. There is 
evidence from the CRRP training and education program coordinator that this may have 
occurred. As well, of those participants who found work, the work was outside the forestry 
industry or land conservation. This suggests that the 'on-the-job' training in itself was 
irrelevant, although the psychological attributes in terms of social skills learnt by the 
participants (i.e. attitude towards work, self-confidence, communication skills) are factors, 
which appear to be more important. 
A shortcoming of the CRRP in the context of training and education has been this non-
transparency and non-accountability. Given that job creation through training was one of 
the goals of the CRRP and not simply a short-term requirement to achieve other goals, the 
data could have been published in the CRRP annual reports and not simply sent to 
DEETYA for national evaluation. The absence of indicators for post-CRRP trainees 
contrasts with other performance indicators. For example, area planted, number of 
288 
landholders participating in the CRRP and tree species planted were well documented in 
the CRRP Annual Reports. 
The non-market benefits of these programs, have never been assessed in the studies 
reviewed. However, in order to assess the CRRP as a whole, the author assumes that the 
short-term benefits of training and education are at least equal to the costs spent in these 
activities. The costs on training and education were published in the CRRP annual reports 
and the benefits of equal values are reported in Table 14-2 
Table 14-2 Benefits of training and education in the CRRP 
Benefit item 1992-93 1993-94 1994-95 
Training and education ($) 20,829 135,619 101,039 
Value of benefit ($/ha) 78 311 230 
1992-95 
257,487 
225 
Sources: Tabulated from CRRP Annual Reports. 
An alternative to netting out the costs with the benefits would be to exclude the costs of 
training and education from the total costs in the CRRP. However, this alternative would 
have impacts on other benefits derived from the CRRP such as job creation in the training 
and education sector. For simplification, the benefits are assumed to occur within the same 
year as the costs. This assumption is reasonable given that the training and education are 
for six months. 
14.2 Evaluating the Benefits of Research in the CRRP 
The CRRP has been a magnet for forestry, biological and economic research. The research 
involved at least three Queensland universities, located in Brisbane and Townsville, and 
the Forest Research Institute at Atherton. The funding of the research was competitive and 
channeled through the Cooperative Research Centre for Tropical and Ecology and 
Management2 (CRC-TREM) based in Cairns. As well as being a magnet, the CRRP has 
provided field experience to scientists, and has led to landholders conducting experiments 
and generating further information. 
The CRC-TREM has been renamed Rainforest CRC. 
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The output of the biological research will be far into the future and successful market 
applications of the present research may occur after further research areas have been 
identified. Kinhill Economics (1997) stated that 
The benefits of research arise when the results of research are applied to make a 
difference in the form of improving the management or production of public or 
private goods. The contribution of a successful research project in adding to the 
stock of knowledge has economic benefits to the extent that society is willing to 
pay for increasing the stock of knowledge (kinhill Economics, 1997, p. 14). 
The research undertaken in relation to the CRRP has public and private goods 
characteristics. For instance, research directed towards sustained forestry and ecological 
systems is public research in that it is in society's interest to share any successful 
application. The biological research could lead to innovations in tree species mixtures, and 
in improving growth rates of specific tree species in the long term. These bio-
technological innovations could then be sold overseas. The economic value of research is 
the sum of these elements or outputs of the research that are shared freely and these 
elements that can be appropriated and traded. 
From the economic research stream in the CRRP, understanding of landholders' 
motivations for tree planting and reforestation and conservation issues has policy 
implications. However, the difficulties arise in evaluating the economic benefits. The 
CRRP has been a small program and water quality and carbon sequestration research 
would have occurred without the CRRP. Similarly, financial models of tree plantations 
can be sold although the research is publicly funded. In the study carried out by Kinhill 
Economics (1997, p. 15) in relation to the benefits of research, there is suggestion that 'the 
rate of dissipation will be higher for private goods where there is competition to improve 
products and technology than for public goods'. An environmental economic model such 
as the one developed in the course of this thesis could also be used by government agencies 
that have to carry out economic analysis. 
The economic value of the future benefits of research as outlined above could not be 
estimated because high uncertainty exists in relation to potential enhanced tree 
characteristics. 
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14.3 Evaluation of Crop Yield Improvement and Livestock Productivity Increase 
Benefits of CRRP plantings on crop yield and improvement on livestock productivity were 
not amongst the high-ranking benefits listed by landholders. However, they are mentioned 
here because most studies have found that crop yields increase when windbreaks are 
established (Cadman et al, 1991; Ralph, 1992; Shea, 1992; George-Jaely et al, 1998; 
Sudmeyer, 1999, Snell and Brookes, 1999). The low ranking that landholders placed on 
these benefits suggests to the author that much more information should be communicated 
to landholders by the DPI, but also by NRM and by the EPA to promote windbreak 
benefits. 
14.3.1 Review of benefits of windbreaks on crop yield 
Cadman et al. (1991) found that trees planted in appropriate areas as windbreaks can 
increase crop yields from between 5% and 25% on the leeward side of a shelter belt, with 
yield being increased for a distance of 10 to 12 times the height of the trees. Ralph (1992) 
also found that the sheltering effect of Eucalypt trees planted at moderate densities 
enhanced pasture growth and improved pasture quality. For example, in grazing land in 
Victoria, it was estimated that between 10% and 20% of a rural property could be 
converted to tree cover without any loss of farm production (Shea, 1992). George-Jaeggli 
et al. (1998) in a study conducted in southern Queensland on a large wheat property on the 
Darling Downs estimated the windbreak length of trees of eight to 12 metres high at 
between 380 m to 1,100 m. Wheat yield was increased by between 3% to 18% depending 
on windbreak orientation. Overall, paddock yield increased an average 8%. In Western 
Australia, Sudmeyer (1999) found that 'reducing windrun by 70% (inside artificial shelters) 
throughout the growing season had significant effects on crop growth but no effect on rates 
of plant development1. In years with average or below average rainfall, biomass growth 
was significantly increased without increasing soil water use. For a determinate crop, such 
as wheat, this translated into a 20% increase in grain yield. For lupins, which are 
indeterminate, there was no increase in yield. 
A research project within the CRRP study area, conducted over a four-year period (1994-
1998) by Snell and Brookes (1999) from the Queensland Forestry Research Institute 
(QFRT) in Atherton quantified the effects of windbreaks on the three most common crops 
in Atherton, namely peanuts, potatoes and maize. An objective of the study was also to 
determine the manner in which any possible windbreak effect was achieved. The research 
291 
involved the establishment and monitoring of crop performance at various distances from 
the windbreaks. These consisted of trees of various species and heights growing in two, 
three or four rows oriented in either a north-south or east-west direction to counteract the 
region's prevailing winds. The Snell and Brookes (1999) study found that windbreaks 
increased potato yield significantly at a distance of three to eight windbreak heights from 
the windbreak. Most of this increase was probably due to a reduction in the amount and 
severity of wind damage to potato leaves. 
Yield benefits varied between years. For example, an overall increase in potato yield of 
4.8% was achieved in the 'sheltered' portion of the paddock in 1994; modeling showed that 
this amounted to an increase of about 1.8 t/ha - from 37.5 t/ha in unsheltered sites to 39.3 
t/ha in protected areas. In 1996, the percentage increase achieved in the sheltered part of 
the paddock was 2.5%, rising from 48.6 t/ha in the unsheltered part to 49.8 t/ha in the 
protected area. 
There was a similar result for peanuts, although protection from water stress may have 
played a more prominent role. In the 1998 season, for example, peanut yield increased by 
an average of about 11.9% in the portion of the paddock between one and 40 windbreak 
heights from the windbreak compared to that portion of the paddock beyond the influence 
of the windbreak. The researchers attributed productivity gains to decreased leaf damage, 
coupled with decreased water stress early on the peanut crop growth stage. 
Although significant differences existed between maize grain yields at various distances 
from the windbreak in some plots in some years, there was no clear trend in this study. 
Similarly, there was no clear trend in final maize plant height across the paddock. In fact, 
the only noticeable trend was that maize leaf damage due to wind increased significantly as 
the effect of the windbreak diminished, although this had no measurable effect on yield. 
The financial benefits provided by the windbreak were considerable, even allowing for the 
loss of cropping area and the nil response of maize to the presence of the windbreak. 
These benefits were calculated to be $335/ha per year, summing to $4,150 for the entire 
paddock. As the windbreak grows in height over time, .yield increases in potatoes should 
extend over a greater proportion of the paddock, with additional financial benefits. 
Similarly, Snell and Brookes (1999) predicted that if a second windbreak were established 
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about halfway up the paddock, the area under protection would increase. Modelling of 
returns for a second, three-row, north-south windbreak located 375m west of the first 
windbreak indicated a net increase in return of $670 per hectare, or $8,288 for the entire 
paddock. 
14.3.2 Benefits of the CRRP for livestock 
There are fewer Australian studies relating tree planting to livestock productivity than to 
crop production. However, two studies have shown that livestock productivity is reduced 
by cold stress and heat stress, both of which can be ameliorated by the shade of trees 
(Cadman et al, 1991). In one experimental study, milk productivity was found to increase 
by an average of 1.4 litres per cow per day (up to 2.23 litres per day in the hottest period) 
from cows that received shade compared to cows grazing in unshaded areas (cited in Shea, 
1992). 
14.3.3 Evaluation of windbreaks benefits for crop yield and livestock in the CRRP 
As noted in chapter 8, 'windbreaks' were ranked 11th as a benefit of tree plantings by 
landholders in the CRRP, and only 1.8% of landholders surveyed mentioned windbreaks as 
a motivation to plant trees. The perception towards windbreaks held by. landholders as 
reflected in the survey suggests to the author that few landholders might have established 
windbreaks to increase the productivity of their land. The landholders survey revealed that 
49% of the land was under crops (total crop area of 2,130 ha) and 22% of the land was 
under pasture (955.5 ha) out of a total land area of 4,363 ha. If one extrapolates these 
survey findings to the whole population of CRRP landholders which is approximately eight 
times the size of the sample, the total area owned by CRRP landholders would be 36,858 
ha, of which 17,815 ha would be under crops and 8,099 ha under pasture. The number of 
cattle and in particular dairy cattle on these pastures is unknown, as this question was not 
asked in the landholders' questionnaire. The landholders survey also revealed that 40.4% 
of the previous land-use where the trees were established was previously pasture and 
22.2% was agriculture and horticulture. Of the remaining land area, 24.6% was along 
watercourses and 13.9% was on degraded cropland. 
It is a matter of speculation whether in 2002, the land surrounding the CRRP plantations is 
still under the same use. Therefore, any reduction in areas previously under crops or 
pasture for tree planting will not necessarily result in a decreased total crop or pasture 
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because the yield of the remaining areas will increase. For instance, Sexton (1995) 
reported that trees planted in 1992-93 were as high as 6m in 1995. This may imply, 
following Snell and Brookes (1999), that up to 240m from the edge of the trees, pasture 
and crop yields might have increased by up to 20%. However, the actual benefit could not 
be estimated because of lack of knowledge on the plantations design (e.g. where 
windbreaks were established), and the lack of data relating to what types of crop as well as 
pasture are planted made any evaluation of the benefits of windbreaks impossible. 
14.4 Evaluation of Tourism Increase because of CRRP Plantings 
A study of tourism in the Wet tropics of Queensland revealed that degraded land had a 
negative impact on 3 % of visitors. This finding suggests that those tourists may not return 
in the future. For the Wet Tropics of Queensland WHA direct expenditure has been 
estimated at $443 million, and generated economic activity of $753 million3 (Driml, 1997). 
While some of the value to visitors of parks is expressed in their expenditure on visits, it is 
also understood that there may be additional 'willingness to pay' not captured in markets, 
especially where there are no entry fees (Sattler et al, 1999). Studies of willingness to pay 
for visits to some protected areas have revealed amounts in the range of $8 to $17 per 
visitor day. 
Kinhill (1998) reported that if on average 3% of tourism shorten their visits by one day, 
because of degraded sites, the economic loss to north Queensland would be $ 6.6m/year for 
direct expenditures and $11.22m/year with indirect expenditures included. These estimates 
therefore cannot be applied to the CRRP, because to avoid these losses, the CRRP 
plantings would have to be along strategic tourism locations. 
14.5 Estimation of the Conservation Values of CRRP Plantations 
The 'conservation' value of the CRRP can be quantified by examining the value of planted 
areas in the CRRP that are not harvested. The conservation value represents a number of 
environmental benefits that could not be quantified in the course of this thesis. 
Landholders and the governments for instance placed an implicit value by planting in the 
This estimate is based on an average of two nights accommodation attributable to die visit to a park. 
294 
case of landholders and by allowing landholders to plant, in the case of the funding bodies, 
trees of no 'commercial' values. 
The area of 'commercial' tree species not harvested was estimated at 113.2ha and the area 
planted with non-commercial species was estimated to be 103.8ha, in Chapter 10. The 
total area that will not be harvested is therefore assumed 217 ha. 
The difference in predicted revenue for the CRRP between all 'commercial' tree species 
being harvested and the predicted revenue if 11.9% of these 'commercial' tree species are 
not being harvested, amounts4 to $6.9m. Similarly, if landholders planted 'non-
commercial' tree species with the knowledge that by not selecting 'commercial' species, 
they forego timber revenue, the inference is that the conservation value that these 
landholders attached to NWFBs amounts to the revenue foregone, which is $6.35m. The 
incomes to loggers and timber carriers as well as monitoring costs are excluded, since this 
is revenue foregone from the landholders' perspectives. That is, only the financial timber 
benefits foregone by landholders are used, based on Table 10-7. 
In total, $13.4m is the timber revenue foregone. The exact nature of the benefits 'bought' 
cannot be determined, but those benefits may include benefits for future generations, water 
quality benefits, recreation benefits and spiritual and aesthetic benefits. This value may 
also be understood as a 'minimum' private value. The qualifier 'minimum' is used because 
these values relate only to the timber revenue foregone, because these benefits are 
inextricably linked to the landholders' environmental values. 
To estimate the conservation value on a per hectare basis, the total conservation value is 
divided by the whole CRRP area planted. It would be incorrect to divide the total revenue 
foregone only by the area that is not harvested, because a proportion of landholders may 
log only part of their plantings and the conservation value is only an average of all 
landholders' value of this benefit. The approach adopted is not dissimilar to the approach 
presented in contingent valuations studies, hi contingent valuation studies, the values 
reported from a sample are average 'willingness to pay' values for a specific benefit which 
is extrapolated to a population to obtain a total economic value of the benefit. The inverse 
method is adopted here to estimate a value for the 'conservation' benefit in dollar term on a 
4
 The estimated revenue to landholders is $61.3m and if 11.91% of the trees with a commercial value are 
not harvested, this is estimated at $54.4m (based on timber prices at stumps, as in Table 10-7). 
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per hectare basis in the CRRP derived from an estimated total value. The CRRP had 
l,142ha of plantings, as at June 1995, therefore the conservation value is $11,731/ha. This 
conservation value.will accrue at the same time as the harvests and for simplicity is 
assumed to accrue in the same proportion as the timber volume harvested at 20, 30, 40 and 
50 years after planting. However, when estimating the 'conservation' benefit, other 
benefits that have previously been estimated must be deducted to avoid double counting. 
Those other benefits include water benefits and the carbon benefits. The flow-on benefits 
from timber harvesting are not deducted because they obviously will not occur. In Chapter 
12, the carbon sequestration benefits were estimated at $2,960/ha and in Chapter 13, the 
water benefits were estimated at $556.7/ha. The economic benefit of conservation is 
therefore estimated at $8,214/ha. The benefit accrues across harvest ages as presented in 
table 14-3. 
Table 14-3 
Private 'conservation' benefit to landholders 
Number of years 
after planting for 
benefit to accrue 
20 
30 
40 
50 
Total 
Timber 
revenue 
($/ha) 
410 
12,068 
648 
48,090 
61,217 
Proportion of 
total timber 
revenue (%) 
0.68 
19.71 
1.06 
78.55 
100.00 
Conservation 
benefit (S/ha) 
56 
1,619 
87 
6,452 
8,214 
Total 
conservation 
benefit ($) 
63,798 
1,849,198 
99,450 
7,369,585 
9,382,031 
The timber revenue to landholders, estimated in the second column of Table 14-3, is 
obtained by deducting logging and transport costs. These costs are assumed to be $50/m . 
The table also provides a comparison between the timber benefits and the conservation 
benefits, on a per hectare basis. 
Table 14-4 presents the benefit flow and the present value of conservation benefits in the 
CRRP. 
Table 14-4 
Benefit flow and present value of conservation benefits in the CRRP 
Year Conservation 
benefits ($) 
2013 14,869 
2014 24,364 
2015 24,565 
2023 430,972 
2024 706,199 
2025 712,027 
2033 23,178 
Year 
2034 
2035 
2043 
2044 
2045 
Total 
PV (7%) (1993 dollars) 
PV (7%) (2001 dollars) 
Conservation 
benefits (S) 
37,979 
38,293 
1,717,543 
2,814,405 
2,837,632 
9,382,026 
446,995 
509,908 
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To obtain the benefit flow in Table 14-4, the values from Table 14-3 have been 
apportioned to the 1992-93, 1993-94 and 1994-95 planting years according to the area 
planted in each of those years. In 1992-93, the area planted was 23.3% of the total area 
planted in the CRRP; therefore 23.3% of the conservation benefits are allocated to the 
1992-93 planting year. Of the $63,798 conservation benefits estimated in Table 14-3 that 
accrue 20 years after planting, 23.3% is allocated in 1993, 38.2% is allocated to 1994 and 
38.5% is allocated to 1995. These proportions are also applied to benefits accruing in 
years 30, 40 and 50. The alternative would be to annualize the values as they accrue from 
1993 till 2045. However, as the trees mature, it is to be expected that their conservation 
value will increase, and an added assumption would be required, because to the rate of 
increase of this value would be unique to each landholder. 
The rationale for estimating the 'conservation' value in Table 14-4 is that the willingness to 
forego revenue is assumed a proxy for WTP. It is further assumed that the WTP is realised 
when the trees that will not be harvested could be harvested. 
Will landholders be willing to forego on average $446/ha (2001 dollars) for conserving a 
portion of their plantings on their own land? Their willingness to 'conserve' all or a portion 
of their woodlots may not be swayed for the following reasons. Firstly, 80% of 
landholders are assumed to harvest all of their planted area and the revenue foregone will 
be much smaller than the average estimated value of $2,342/ha that landholders who have 
planted only 'non-commercial' tree species planted would forego. Secondly, the 
landholders who do not intend to harvest at all would already have high environmental 
values. They probably planted on sites that are unlikely to be harvested (e.g. riparian 
zones, steep slopes) and with the knowledge that they would forego revenue. 
14.5 Amenity Values in the CRRP 
Prineas and Allen (1991) have mapped the various landscapes included in the WTWHA 
according to their scenic quality. The authors developed quality indices after a survey of 
people who had been shown photographs representative of these landscapes. However, the 
authors did not attempt to put monetary values to these landscapes. The main difficulty in 
valuing a landscape has been encapsulated in Price (1978, p. 1) who wrote that 'the first 
hurdle in developing the study of landscape economics is a prevalent aversion to the idea 
that landscape is a subject fit for economic inquiry'. Since then, it has been accepted that 
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estimation of amenity including aesthetic values can generally be estimated because sellers 
of properties that have attractive views can obtain a price premium. Measures of landscape 
amenities have been conducted (Mitchell McCotter and Associates, 1993; Pacific Power, 
1994) mainly to assess the adverse visual impacts of high-voltage overhead transmission 
lines. Many economic studies reported in Harrison (1997) have provided estimates of 
amenities values of both native and planted forests. With careful design, reforestation in 
the CRRP - which reproduces in small scale the highly valued Wet Tropical rainforests of 
Queensland - may provide economic values that are comparable to those rainforests. 
However, the time required 'for plantations to achieve the size and grandeur necessary to 
rival old growth forests is likely to be at least 50 years' (Harrison, 1997, p. 6). In the 
CRRP, this would be the time when most trees have been harvested. 
Landscape quality may or may not have a high value for landholders, but the form of the 
landscape can be an essential element in attracting tourists in particular locations or 
providing tourists with a 'good' or a had' impression on their way to a specific location. As 
discussed in the previous section, the CRRP plantings will provide tourists with better 
visual scenery than what was previously a degraded landscape. Filling these 'gaps' in the 
scenery will improve the satisfaction experienced by visitors. 
In an urban setting, property values generally increase as an outcome of planting trees. In 
rural areas, a survey of real estate agents by Boydell et al. (1999) found that reforestation 
acts more as an impediment to achieve high property values. There is no evidence that tree 
planting in rural properties increases the value of the properties in north Queensland. 
However, for CRRP landholders surveyed for this thesis, Appendix D reveals that 71.5% 
of the landholders surveyed perceived that tree plantings would increase the value of their 
properties. Of these 71.5% of landholders, 14.2% believed that the increase in their 
property value will be between 0 and 2%; 25.7% believed that the increase will be between 
2 and 5%; a small proportion of landholders (5.7%) believed that the increase in their 
property will be between 5% and 10% and the remaining 5.7% believed that the value of 
their property will be over 10%. In the local government authorities survey, 26.6% of 
respondents share of the view that tree planting will increase the value of their properties 
as well as assist landholders for bank loans. While the perceptions held by landholders and 
some LGAs respondents seemed contrary to the evidence reported in Boyd et al, (1997) -
namely that no increase in rural properties are caused by tree plantations - the particular 
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location of the landholders surveyed and where the trees have been planted may justify 
their belief. 
An economic valuation of visual amenities could not be undertaken because contingent 
valuation surveys were beyond the scope and resources of this study. 
14.6 Summary 
This chapter has discussed various benefits derived from the CRRP. Except for an attempt 
to evaluate the 'conservation' value and the training and education benefits of the CRRP, 
quantification of these economic benefits was beyond the scope of this thesis. Such 
economic valuation would have required specific surveys as well as a better knowledge of 
each planting location where the CRRP has been implemented. The nature of the private 
'conservation' benefits quantified is not known and would include aesthetic and other 
amenity values, recreation values as well as benefits for future generations. 
The benefits of education training and research are always difficult to estimate. The 
assumption that the benefits of the training equal the costs in the short-term underestimates 
these benefits from the private perspective of the trainees. Trainees acquire better people 
skills and literacy skills, as well as from the social perspective, where society has gained 
better-prepared young people and savings in social security payments. There., is no strong 
evidence that LMP such as LEAP reduce real wages. For instance, the reduction in 
unemployment from 1992-93 to the present is due to many factors which cannot be 
attributed to LEAP. A decrease in real wage and a complete restructuring of the economy 
during the 1980's and 1990's coincided with the creation of many labour market programs. 
However, the decrease in real wages cannot be attributed to any of these programs. While 
an evaluation of LEAP was undertaken by DETYA (1997) found that the costs of the 
program outweighed the benefits in terms of program positive outcomes, there was no 
similar evaluation publicly available within the CRRP context. The literature reviewed 
suggests that the impact of these programs are of short duration (only two years) and that 
there is no evidence that long-term future income is higher than if participants had not 
participated in an LMP. 
Research is diversified in the CRRP and the payoff of that research in terms of actual 
market output may be decades away. The CRRP will provide a unique opportunity in the 
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next 30 years to understand how mixtures of rainforest species grow together in plantation 
settings under diverse climatic conditions and terrain. Experiments with various 
combinations of tree species will provide quantitative data that can be repeated in other 
tropical locations as well as to provide landholders with better information on tree species. 
The increased knowledge of landholders' motivations will assist in the design of similar 
programs in the future. In particular, the possibility of obtaining carbon credits for tree 
plantations may provide that extra incentive to make private tree plantations worthwhile to 
landholders without strong government financial incentives. 
The approach adopted to estimate the 'conservation' values in the CRRP are experimental 
in the sense that the values obtained are by inference and would require a contingent 
valuation to validate. If validation of these values could be obtained, this approach would 
provide a quick and cost-effective method to evaluate a range of conservation benefits. 
For this reason, the NPV in the cost-benefit framework will be estimated both with and 
without those values. 
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Chapter 15 
ESTIMATION OF COST IN THE COMMUNITY RAINFOREST 
REFORESTATION PROGRAM 
The previous chapters focused on economic benefits that were important for landholders 
and local governments in north Queensland. These benefits came at a cost and the CRRP 
has been considered a costly program by the Department of Primary Industries that 
administer its finances, when compared to other tree planting programs. This chapter 
estimates the economic costs incurred in the CRRP and likely to occur during the life of 
the CRRP plantations. As discussed in Chapter 9, most financial costs are also economic 
costs, except for land and labour costs which need to be adjusted to reflect their true 
economic costs or opportunity costs. 
In Section 1, the costs are grouped according to tree planting, education, research and 
training by year of planting. Section 2 presents the initial costs incurred to set up the 
CRRP. These costs would normally reflect the costs of establishing a tree plantation, but 
in the CRRP context, they include the costs of establishing the CRRP as an organisation 
dealing not only with tree planting, but also training, networking, reporting to various 
boards and organisations and promoting the scheme. In Section 3, the costs of research, 
training and education are analysed. Section 4 presents the recurrent costs while Section 5 
presents future costs associated with weed control, pruning and certification, and 
harvesting. Section 6 discusses costs that were not included in the CRRP annual reports. 
These costs include damage costs caused by vermin and pests thai may find the tree 
plantations as habitats from which they may cause damage to nearby crops. These types ol" 
costs take the form of loss of production and costs of eradication. Section ~ summarises 
the chapter. 
15.1 Costs Reported for the CRRP 
In the context of the CRRP. there are private costs that must be added :o the social costs in 
order to estimate the total economic cost as described by Markandya and Pearce (1989. p. 
1139). The analysis of reforestation costs in this study is focused on economic costs which 
also include, for both private and social costs, priced and unpriced cos; items. In order to 
estimate many economic costs, one must refer to the financial costs that have been 
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published. Most of the economic costs will not differ greatly from the financial costs, and 
therefore, financial statements provide a good starting point to carry out an economic 
analysis. Some economic costs are not financial and therefore arc not reported in financial 
statements. Shadow pricing is used to estimate those unreported costs. 
The financial costs incurred in the CRRP as reported in the Annual Reports of the CRRP 
are presented in Table 15-1 in summary form by main cost categories. The table is divided 
into costs for operational activities and costs for extension activities. Sources of funding 
are also indicated 
Table 15-1 
Operational and extension activities costs (S) 
Cost item 
1. Planning and management 
Planning and management support 
Establishment 
Maintenance 
QDPI nursery stock 
Private Nursery stock 
Regional/executive support 
Administration support 
Management committee 
Training and education 
CRRP container stock 
Subtotal (1) 
2. Extension activities 
Landowner liaison 
Information system 
Research and development 
Extension and landholder training 
Conferences 
Subtotal (2) 
Total expenditure (1+2) 
Budget 
Carryover 
State funds 
Commonwealth funds 
1992-93 
301,318 
426,621 
173,507 
174,042 
10,022 
16.897 
6,907 
0 
20,829 
0 
1,130,143 
10,104 
14,140 
3,848 
8.657 
456 
37,205 
1.167.348 
1.150,000 
-17.348 
700.000 
450,000 
Year of cost 
1993-94 
186,499 
928,426 
377,862 
333,142 
157,857 
18,771 
118,211 
7,837 
135,619 
0 
2,264,224 
134,269 
105,102 
25,831 
98,S49 
9.765 
373,816 
2.638.040 
2.600,000 
-38,040. 
1.500.000 
1.100,000 
1994-95 
264,009 
949,606 
824,526 
233,903 
161.241 
36,391 
188,044 
5,75? 
101,039 
2,220 
2,766,731 
139.662 
143.827 
55.60" 
196.1^5 
8.40? 
543.683 
3.310.414 
",4 50.000 
13l).5Sd 
2.350.000 
1.100.00') 
Total costs . 
751,826 
2.304,653 
1.375,895 
741,087 
329,120 
72,059 
313,162 
13.590 
257,487 
2,220 
6,161,098 
2S4,035 
263.069 
$5,286 
303.691 
IS.624 
954,704 
7.115.802 
7.20O.OOO 
84.198 
4.550.000 
2.650.000 
Sources: CRRP Committee, Annual Reports, 1992 'J.3 to 1W4 95. 
'I he cost data of Table 15-1 are not well suited for economic analvsis for two reasons This 
table does not indicate where the money is spent, and the labour cost component of the 
CRRP docs not reflect its true economic costs, onlv its financial cost. 
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a) Adjustment of expenditure to planting 
Some expenditure, particularly maintenance and replanting costs, diverts a proportion of a 
current year budget to a previous year planting. For example, some of the 1994-95 
expenditure was spent to the maintenance of the 1992-93 planting and some to the 
maintenance of the 1993-94 planting. The annual reports provide no details of what 
proportion was spent on previous years planting. Reallocation of costs of current year 
expenditure to previous planting avoids large differences of cost per hectare from one 
planting year to another and at the same time provides the actual cost of each planting. For 
instance, if the year 1994-95 is assigned the year 3 for convenience, a portion of that year 
expenditure will be spent on new plantings, a portion will be spent on year 2 of the 1993-
94 planting and a portion will be spent on year 1 of the 1992-93 planting. This adjustment 
will not affect the cash-flow or the net present value (NPV) for the program overall, as all 
the 1994-95 expenditure is still spent in 1994-95. 
The cost categories adopted in this study follows the format of the DPI-Forestry financial 
model (Prydon, 1997) adapted by Harrison and Herbohn (1997). In order to follow the 
DPI-F financial model, three categories of costs are identified namely initial costs, annual 
costs and post-planting and harvesting costs. However, before these costs are allocated to 
their respective planting year, they also have to be adjusted to reflect their economic costs. 
b) Deriving economic costs for landholders time, labour costs and land 
Some economic costs differ from the costs stated in the financial accounts or are not 
included in the CRRP financial reports. For instance, the time spent ?y landholders on 
their plantations is an unreported economic cost. An economic cost not reported is the cost 
associated with damage to crops from vermin that might colonise the plantations as then 
new habitat. Another economic cost is the opportunity cost of the land, if a more profitable 
use was to be found. Labour costs need to be adjusted because most o; the workforce m 
the establishment phase are composed of trainees who, prior to me CRRP, were 
unemployed and receiving social security payments. These payments are assumed to be a 
proxy for leisure as explained in chapter 9 The following sections estimate some ol those 
economic costs within each cost category. 
306 
15.2 CRRP initial Costs 
The initial costs include planning costs and costs of plantation establishment (i.e. costs of 
tree seedlings, land preparation). These costs are considered in the following sections. 
15.2.1 Planning, management and administrative support 
These costs are assumed to occur in the initial year of planting and no allocation of costs 
for previous years is undertaken. Most of these costs would not occur in a private forestry 
setting. However, the financial costs reported in Table 15-1 are not different from the 
economic costs. 
15.2.2 Establishment costs 
Establishment costs include fencing costs, land preparation costs, and machinery used in 
the process of establishment and labour costs. Harrison et al. (1996) estimate fencing costs 
at S560/ha. 
Some landholders carried out the site preparation and cultivation costs. Not knowing the 
cost of their time, the next best alternative was to use the financial cost for carrying out 
these activities, of S265/ha as reported in Harrison et al. (1996). The costs of fertilisers 
and fencing are the competitive market prices for these products. Other costs that occur in 
the initial year, adapted from Harrison et al. (1996), are presented in Table 15-2. The table 
presents both the financial and economic costs on per hectare basis ami for, the whole 
CRRP. The financial costs are shown for comparative purpose only 
To obtain the economic costs, an adjustment is made to the labour component of these 
costs (trainees wages) and this is reflected in the costs of the activities that are labour 
intensive. The main activities affected by the adjustment of laboui costs are site 
preparation, planting and weed controls, because trainees undertook these activities in the 
establishment phase. The trainees" wages are estimated to be S3.9m over three years. This 
is estimated by multiplying a S275 wage per week (Appendix II) over 20 weeks, and 5" 
trainees in 1992-93, 237 trainees in 1993-94 and 254 trainees in 1994-95 The number of 
trainees is divided by two to obtain the annual wage, because, the trameeshm had only six 
months duration. The social security payment for this age group averaged SI25 per 
fortnight in the period 1992-93 to 1994-95 or a total of $1 75m. The shadow-wage of 
labour or economic cost of labour in the first three years of the CRRP is therefore S2.15m. 
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This labour cost has been apportioned to the activities that are mainly labour intensive. 
The activities that are most affected are shown as shaded areas in Table 15-2. The 
financial cost of these activities is $1.6m ($/ha by area planted each year). However, post 
plant weed controls (next section) are also undertaken by trainees and the financial costs 
amount to $2.7m. Based on 1992-93 where there are no post planting activities, $0.65m is 
deducted from the initial phase and the remaining $ 1.1m are deducted from the financial 
labour costs in the post-planting phase. 
Table 15-2 
Allocation of initial financial costs and initial economic costs from management activities 
for each planting year and average costs/ha in the CRRP 
Part A: Financial costs 
1. Management Activity 
Planning and management 
Extension activities and support 
Site preparation and cultivation 
Cover crop establishment 
Pre-plant weed control 
Cost of plants 
Planting and refilling 
Post plant weed control 
Fertiliser 
Fencing 
Total (S/ha) 
Total financial costs (S) 
Costs ($/ ha) 
(1992-93) 
1,221 
70 
265 
88 
92 
691 
645 
540 
83 
509 
4,205 
1,119,418 
Costs ($/ ha) 
(1993-94) 
658 
332 
265 
88 
92 
1.125 
645 
540 
83 
560 
4.388 
1.914,138 
Costs ($/lial 
(1994-951 
425 
456 
26< 
85 
92 
808 
64 5 
S J <' 
X > 
5 6 " 
4 0 5 5 
!,~8.v)').i 
Average cost 
(S/ha) 
769 
286 
265 
88 
92 
905 
645 
540 
83 
543 
4,216 
4.817.046 
Part B: Economic costs (S/ha) 
1. Management Activity 
Planning and Management 
Extension activities and support 
Site preparation and cultivation 
Cover crop establishment 
Pre-plant weed control 
Cost of plants 
Planting and refilling 
Post plant weed control 
Fertiliser 
Fencing 
Sub-total (S/ha) 
Total economic costs (S) 
855 
49 
48 
51 
380 
691 
297 
46 
83 
509 
3.00S 
S00.S7O 
461 
232 
48 
51 
619 
1.125 
297 
46 
S3 
560 
3.521 
1.536.109 
Ui' 
> i • • 
~. 
• t t J . i 
K ' < s 
."/" 
4<-
s: ~. 
•fv 
-.() ' . '-
!..-<»i n : 
538 
200 
48 
51 
498 
905 
297 
46 
8.3 
54.3 
5.208 
3.'<»5.78<i 
Note that post plant weed control and planting, and refilling relerreo. to in fable 15-2 
activities that were carried out within the same financial year as sue preparation and 
planting. The economic costs of labour were apportioned on a pro rata, basis It is noted 
that this method may not reflect the economic costs of each cost item, but this does not 
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affect the total annual costs. However, more importantly, the use of trainees reduces the 
initial total costs by about 25% compared to the financial counterpart (S3.7m instead of 
$4.8m). 
15.3 Annual Costs of CRRP Planting 
Some costs are recurrent, for instance land opportunity costs, or cost of the land in its best 
alternative use. The opportunity cost of land will vary with the location and the soil 
quality. In the CRRP, the land provided by landholders to plant trees is generally of low 
quality for agricultural and pastoral purposes. In forestry, site indices are used to grade the 
land. In Queensland, a site index is defined 'as the expected height at age 25 for a growth 
plot' (Mousa and Keady, 1996, p. 4). The CRRP tree planting areas have not been 
classified in forms of site index, but the land was formerly covered by tropical forests, so 
irrespective of the productive capacity of the land for agricultural or pastoral purposes, the 
assumption is that most of the area of land planted with native tree species will have at 
least medium timber productivity. Observed tree growth in the first few years of the CRRP 
suggests that this assumption is warranted as most plantations have had the growth 
expected by foresters (Sexton, 1998). However, in the locations where the CRRP is 
implemented, forestry is recognised as best use and therefore the opportunity cost of land 
is close to zero, which is why it not used in the first place for alternative crops. 
Governments did not purchase this land and therefore there is no land acquisition cost 
However, there are plantation management costs estimated at S40 per year that are private 
costs to be met by landholders, as per Harrison et al. (1996), that might not have been 
required if an alternative use of the land such as grazing or sugar cane had been viable 
These private management costs amount to 510,663 for the 1992-93 planting (266 6 ha). 
SI7,443 for the 1993-94 planting year (436.08 ha) and SI7,594 for the h>94-95 planting 
year (439 S6 ha). When trees are harvested, say after 20 years, the management of the sue 
continues because there are other trees left to be managed on the representative site of one 
hectare. 
15.4 Post -Planting and Harvesting Costs 
This category of costs relates to post-planting weed control, pruning and certification. The 
financial cost of each item is sourced directly from Prydon (1996). For costs incurred in 
1993-94 and 1994-95, a portion of these costs are deducted directly from the current years 
of planting and added to previous years costs. For instance, the maintenance costs for the 
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planting in 1992-93 had to come from the 1993-94 and 1994-95 budgets respectively. The 
financial costs for post weed controls have been adjusted by $ 1.1m (from Section 15.2 2) 
to take into account that the labour component of post-planting activities is undertaken by 
trainees for the first three years. After the third year after planting, post-plantino activities 
such as pruning and certification, the cost of labour is assumed to be the cost assigned to 
professional foresters and no adjustment to the financial cost of labour is required to obtain 
the economic cost of that labour as explained in chapter 9. Each year of planting is 
assumed to have similar post-planting and harvesting costs on a per hectare basis. The 
labour component cost carried out by trainees for 'post plant weed control' (Sl.lm) is 
averaged over 1,142 ha and then apportioned over Years 1, 2 and 3 in Table 15-3. 
Table 15-3 
Average financial and economic post planting and harvesting costs 
Cost items Year after Financial Cost Economic 
planting (S-Tia) costs (S/ha) 
Post plant weed control 
Post plant weed control 
Post plant weed control 
First prune (plus certification; 
Second prune (plus certification) 
Third prune (plus certification) 
Thinning 
First harvest marking and inventory 
Second harvest marking and inventory 
Third harvest marking and inventory 
Fourth harvest marking and inventory 
1 
2 
; 
•} 
4 •• 
6 
8 
20 
30 
40 
50 
1,310 
812 
215 
S80 
649 
864 
501 
SO 
57 
57 
57 
770* 
377 
62 
>S0 
649 
S64 
501 
so 
57 
57 
57 
Total cost (S) 5.4SO 4.411 
15.5 Education and Research Costs 
The CRRP has been a complex program in that many joint costs are present. These costs 
occurred because of the experimental nature of the CRRP. The native species planted 
mostly have unknown performance as mixtures in a plantation setting The CRRP became 
a focus for forestry research into native rainforest tree species grown as mixtures in 
plantation settings. These research and education components are considered as public 
roods. 
The successive CRRP expenditures in Table 151 reflect the research focus that includes 
provision of information systems (i.e. CIS databases), conferences, sponsorships, 
education and training. These are not costs thai can be allocated to timber production. 
These costs are therefore treated as investment in forestry research and education, which 
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will benefit any individuals or companies that may decide in the future to grow a mixture 
of native trees, fable 15-4 presents a summary of these costs. 
Table 15-4 
Research, education and training costs 
Cost item Year of cost incurring Total 
costs ($) 
1992-93 1993-94 1994-95 1992-95 
Training and Education 20,829 135,619 101,039 257.487 
Information System 14,140 105,102 143,827 263,069 
Research and Development 3,848 25,831 55,607 85,286 
Extension and Training 8,657 98,849 196,185 303.691 
Conferences 456 9,765 8,403 18.624 
Total costs ($) 
Average cost ($/ha) 
47,930 
180 
375,166 
860 
505,061 
1,148 
928.157 
S13 
The costs presented in Table 15-4 are assumed to occur in the year they are budgeted. The 
area planted in the CRRP increased after the initial year and as a result, the total costs in 
1993-94 and in 1994-95 have increased substantially from the base year in 1992-93, 
requiring a greater number of trainees and a larger education budget. However, the 
average 'training and education' cost per hectare decreased. The average annual cost for 
all cost items in Table 15-6 is obtained by dividing the total annual costs by the total area 
planted in the CRRP in the same year. 
15.6 Other Social Costs 
The main other costs that may arise from CRRP planting as perceived by landholders 
surveyed1 by Harrison et al. (1994) arc associated with potential pests Of particular 
concern are rats whose habitats are near creeks and other watercourses and damage 
sugarcane. A study by Brodies (1997) revealed that reducing rat harbourage areas reduces 
the potential for rats activity. According to Canegrowers (1997), a saving of SI 54 ha'vear 
would accrue to farmers who plant trees along watercourse from a reduction in rat control 
chemicals. In addition, Qureshi and Harrison (1998) found that as the trees become older, 
they become habitats for owls, winch predate rats. These studies suggest to the author that 
savings made as a result to tree planting in riparian /.ones and the re-introduction of owls in 
other CRRP plantings may offset any costs still required in non-riparian /ones or where 
The potential of tree plantations to attract vermin was ranked last of the potential impediments .IVMHISI 
growing trees by landholders (Chapter 8, p 139). Nolo that in the Obi Obi Valley survey (Harrison et 
al. 1994), landholders ranked tree plantations as a potential habitat for vermin seventh out ol" 12 
impediments. 
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owls are not likely to be present. The costs caused by pest animals are therefore assumed 
equal to the benefits and excluded from this analysis. 
15-7 Total economic cost of the CRRP 
With all the cost items quantified and adjusted to obtain their economic costs on a per 
hectare basis, and attributed to each planting year, the total economic costs have been 
estimated and are presented in Table 15-5. 
Table 15-5 
Economic costs for each planting year and in total for the CRRP 
Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
Costs 
1992-93 
(S) 
949,832 
359,897 
416,371 
67,447 
150,225 
10,664 
196,459 
10,664 
118,399 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
27,867 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
Costs 
1993-94(5) 
0 
1,077,196 
588,708 
682,413 
110,328 
246,712 
17,443 
322,664 
17,443 
194,429 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
45,704 
17,443 
17,443 
17,443 
17,443 
17,443 
Costs 
1994-95 
($) 
0 
0 
885,414 
593,811 
688,212 
111,285 
248,764 
17,594 
325,346 
17,594 
196,048 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
46,090 
17,594 
17,594 
17,594 
17,594 
Total costs 
1993-95 ($) 
949,832 
1,437,093 
1,890,493 
1,343,671 
948,765 
368,660 
462,667 
350,922 
461,189 
222,687 
224,154 
45,701 
45,701 
45,701 
45,701 
45,701 
45,701 
45,701 
45,701 
45,701 
62,905 
73,962 
74,197 
45,701 
45,701 
45,701 
45,701 
Year 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
Total 
Costs 
1992-93 
(S) 
10,664 
10,664 
10,664 
22,921 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
22,921 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
10,664 
22,921 
0 
0 
2,781,804 i 
Present value at 1993 prices (71 
Present value at 2001 prices (71 
Costs 
1993-94 
(S) 
17,443 
17,443 
17,443 
17,443 
37,579 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
37,579 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
17,443 
37,579 
0 
1,078,620 
A discount 
4 discount 
Costs 
1994-95 
(S) 
17,594 
17,594 
17,594 
17,594 
17,594 
37,897 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
37,897 
17,594 
17,594 
17,594 
17,594 
17,594 
17,594 
17,59-1 
17,594 
17,594 
37,897 
3.912,438 
rate) 
rate) 
Total costs 
1994-95 (S) 
45,701 
45,701 
45,701 
57,958 
65,837 
66,004 
45,701 
45,701 
45,701 
45,701 
45,701 
45,701 
45,701 
57,958 
65,837 
66,004 
45,701 
45,701 
45,701 
45.701 
45,701 
45.701 
45,701 
57,958 
55,173 
37,897 
10,772.862 
6,914.341 
7,889,263 
15.7 Comparison of CRRP Planting Costs with Planting Costs in Other Programs 
Costs associated with the CRRP planting are high by normal plantation standard. Table 
15-6 presents some examples of the costs of tree plantations in Queensland and in other 
Australian states. A first examination of these costs reveals that the composition of initial 
costs is treated differently in Queensland from other states. In particular, DPI-Forestry 
annualises the costs of land over the rotation period, while in NSW, WA, Tasmania and 
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Victoria; the purchase cost of land is treated as an initial capital cost. To compare the 
initial costs, the cost associated with land purchase has been excluded from Table 15-6. In 
the table, both the financial costs and economic costs estimated in this chapter are shown, 
so that meaningful comparison can be made. 
The average initial costs in this study differ from Harrison and Herbohn (1996) who 
estimated that the costs of establishment for a Flindersia brayleana and Eucalyptus 
cloeziana mixture are $2,955/ha. The main difference in costs between this study and that 
of Harrison and Herbohn (1996) were planning costs averaging $74/ha and cost of plants at 
$450/ha, compared with those in the present study where average costs are $769/ha for 
planning as reported in Table 15-2. Another difference is that Harrison and Herbohn 
(1996) examined the private costs that a landholder would be expected to pay when 
deciding to plant trees without any assistance, while this study examines all the economic 
costs associated with setting up a comprehensive and multi-faceted forestry program. The 
initial costs estimated in this chapter are initial economic program costs as well as 
plantation establishment costs. Planning and management costs as well as support costs 
decreased on a per hectare basis as the CRRP expanded. 
In Table 15-6, initial costs exclude land purchase of $1,000 (APM), $1,200 in WA, $1,700 
in NSW and $ 1,000 in Tasmania. These costs are considered as lump sum initial costs in 
these states. In Queensland, the cost of the land is annualised at $80/ha (DPI-Forestry, 
1996; Harrison and Herbohn, 1996). It is also notable that the costs in Harrison et al. 
(1996) amounted to $8,492/ha over 50 years including post-planting costs, as against 
$7,792 over 50 years in the present study. The financial costs in the present study amount 
to S10,753/ha. The DPI-Forestry estimated the costs of establishing and maintaining hoop 
pine at $4,260/ha over 50 years (DPI-Forestry, 1997) while Greig (1985) estimated the 
costs of growing radiata pine in the context of farm forestry at $5,118/ha over 35 years. 
The difference in costs reflect the economies of scale which exist in monoculture versus 
multi-species planting and whether the planting is undertaken by private landholders or a 
forestry agency. On the other hand, the present economic study has a lower wage 
component in the first three years of the program because shadow wages are used as the 
economic cost of labour. 
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15-7 Summary 
In this chapter, the economic costs of the CRRP were identified and estimated. The costs 
were then grouped into categories and re-allocated them to the relevant plantings. The 
labour costs expressed as financial costs in the CRRP reports were adjusted to assess the 
correct economic cost of labour undertaken by trainees. Some economic costs were 
identified but could not be quantified. For instance, the costs associated with animal pest 
were assumed to be equal to the benefits brought about by an increase in owls population 
which feed on rats. This particular cost had not been identified by the CRRP landholders 
as an important cost. The other input were valued at their market prices, because these 
inputs are bought in competitive markets, free of subsidies. For instance, the financial 
costs reported for seedlings, fencing and services such as certification were used, as those 
costs reflected their market prices2. 
With a 7% discount rate, the present value of the economic costs amount to $ 7.9m, 
expressed in 2001 dollars. A comparison of the economic cost of the CRRP with the costs 
of other tree plantation does not provide a good benchmark, because there are no 
comparable other reforestation program and more importantly, only the financial costs of 
these other plantations have been undertaken. However, a comparison of the financial 
costs of the CRRP, although revealing a high cost on a per hectare basis is in line with the 
costs estimated by Harrison et al. (1996) who carried out a financial analysis of tree 
planting in the CRRP from a private perspective. The higher cost of about $1,000 per 
hectare in Harrison et al. (1996) reflects the longer rotation period. However, the financial 
costs estimated by DPI-forestry (1997) for hoop pine plantations are about $100 less than 
in the present study. The main difference between this study and the two studies 
mentioned here, lies in the initial costs which are more than double than the initial costs in 
Harrison et al. (1996) and DPI-Forestry (1997). These reflect the costs of program 
establishment as separate from tree establishment. However, the economic costs are lower 
than in these two studies, because of the economic cost of labour are much lower than the 
financial costs. This result suggests that with the experience gained in setting up the 
CRRP, the costs of setting up future reforestation programs could be reduced further. 
Labour costs are a large component of the total cost, but besides the initial years of a 
These services do not include the goods and service tax, which was not implemented at the time. If it 
had, this tax would be excluded from the economic analysis, as the total amount of the tax will be 
returned to the government. 
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plantation, these costs are difficult to reduce, because activities such as pruning and 
accreditation require professional workers. 
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Chapter 16 
OVERALL ECONOMIC PERFORMANCE AND 
SENSITIVITY ANALYSIS 
In this chapter, the dollar values of economic benefits and economic costs of reforestation 
in the Community Rainforest Reforestation Program (CRRP) are integrated in the 
economic model developed in Chapter 9 to estimate the net present value (NPV) and the 
economic internal rate of return (EIRR). In section 1, three sets of economic performance 
criteria are developed to estimate the NPV. The first set excludes all non-wood forest 
benefits (NWBFs), the second set includes all NWFBs and in the third set, timber benefits 
are excluded. Two scenarios are also included in this section to establish what the 
performance of the CRRP would be if 1) a social discount rate of 3% had been applied to 
the NWFBs, and 2) no harvests are undertaken in the CRRP. Section 2 provides a 
sensitivity analysis of the key parameters of the model. Sensitivity analysis is performed to 
assess the sensitivity of the NPV to variations in (a) the discount rate and how the use of 
dual discount rates would impact on the NPV, (b) the mean annual increment (MAI), (c) 
the prices for timber used in the study, (d) the real annual price in timber, (e) the price of 
carbon, and (f) the costs. Section 3 compares the economic performance of the CRRP with 
the findings derived from other mixed trees plantations. The final section discusses some 
key issues raised in the chapter. 
16.1 Economic Benefits Flows in the CRRP 
The purpose of this section is to estimate the discounted economic flow or economic 
benefit (or loss) of the CRRP. Table 16-1 indicates the annual economic costs and annual 
economic benefits that have been estimated in Chapters 10 to 15 for the three years of 
CRRP plantings. The costs (outflows) and benefits (inflows) are summed up and debited 
(if they are costs) or credited (if they are benefits) in the year they occur. The balance 
between annual benefits and annual costs is the net annual benefit (or loss) flow. It is 
important to recall that most benefit flows are not financial in an accounting sense. Table 
16-lpresents the net present value (NPV) using two sets of performance criteria namely 
one set that includes timber income and economic timber flow-on as well as one set when 
the net present value includes all non-wood forest benefits. 
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Table 16-1 
Economic benefit flow for the Community Rainforest reforestation Program ($m) 
Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
Costs 
0.95 
1.44 
1.89 
1.34 
0.95 
0.37 
0.46 
0.35 
0.46 
0.22 
0.22 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.07 
0.07 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.07 
0.07 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.07 
0.07 
0.05 
0.05 
Timber 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.28 
0.47 
0.24 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.96 
9.42 
8.18 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.31 
0.59 
0.00 
0.00 
Region 
0.09 
0.15 
0.15 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.04 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.28 
0.61 
0.52 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.02 
0.00 
0.00 
.--Net. :. 
wood 
benefits: 
;-0:86 
-1,29 
- -1.74 
. -134 
-0.95 . 
-0.37 
-0.46 
-0.35 
-0.46 
-0.22 
. -0.22 ' 
• -0^05: 
-0.05 
-0.05 
-0 05 
-0.05 
-0.05 
-0.05 
-0.05 
r0.05 
0.23 
".0.43 
0.19 
-0.05 
-0.05 
-0.05 
-0.05 ' 
- -0.05-
-0.05 
4).05 
,5.18 
• 9.97 
8.63 
-0 05 
•-opz] 
-6.05 
^•°
5 
-0.05 
-0.05 
-0.05 
-oxyff 
0.25 
0.54 
-0.05 
-0.05 
Carbon 
benefit 
0.00 
0.01 
0.02 
0.06 
0.12 
0.21 
0.31 
0.39 
0.46 
0.50 
0.51 
0.50 
0.48 
0.44 
0.41 
0.37 
0.33 
0.29 
0.26 
0.23 
0.17 
0.12 
0.12 
0.14 
0.12 
0.11 
0.09 
0.08 
0.07 
0.06 
-0.46 
-0.94 
-0.81 
0.04 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 
0.00 
-0.02 
0.01 
0.01 
Water 
benefit 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
Conservation Training 
benefits benefits 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.02 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.43 
0.71 
0.71 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.04 
0.04 
0.00 
0.00 
0.02 
0.14 
0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
;
 Total 
iKWFBs 
.•o:o2 
-."0.14": 
. 0.12 
0.06 
0.13 
0.22 
0.32. 
* •:%•, • - - . . . - . , 
0.40 
0.47 
- • • i 
• 0.51 
life52 
. 0.51-
0.49 
0.45 
• ", rf:W" 
?£0.42 :•: 
°-ll! 
0.34 
0.30 
; ? : : o l ^ 
0.24 
0.19;; 
0.16 
0.16 
0 . 1 5 | | 
0.13 
• • • _ • . . . • • • . . . . ; • • - . ; . .• • • 
0.09 
';. 0.08 .: 
0.07 
-0.02. 
., -022:': 
-0-08.; 
' 0.06 . 
0.05 
0.05 
! 0.05 
0.04 
0.04 
0.04 
0.06 
0.06 
0.04: 
0.03 ' 
oM-l 
Total 
Benefit: 
0.11 
0.29 
0.27 
0.06 
0.13 
0.22 
0.32 
0.40 
0.47 
0.5 L 
0.52 
0.51 
0.49 
0.45 
0.42 
0.38 
0.34 
0.30 
0.27 
0.24 
0.49 
0.67 
0.42 
0.15 
0.13 
0.12 
0.10 
0.09 
0.08 
0.07 
5.22 
9.82 
8.62 
0.06 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.07 
0.38 
0.65 
0.03 
0.03 
•:,:~Net 
i benefits 
-0:84 
-1.15 
-1.62 
-1.28 
4).82 
-0.15 
-0.15 
6:05 
0.01 
0.29 
0.30 
0.47 
0.44 
0,41 
037 
-' 0.33 
0:29 
0.26 
\ V22:i 
0:19 
• : - • , - . 
0.42:-
0.59 
;
 0.35 
0.10 
0.08 
0.O7 
.0.06 
0.05 
0.04 
0.03, 
5.16 
, •9 .75 : 
8.55 
0.01 v 
0.01 
' 0.00 
0:00 V 
0.00 
--0.01 ;; 
-6.01 
0.01 
. 0 . 3 1 • 
0.58 
-o:or:; 
-0.02 
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Table 16-1 (continued) 
Benefit flow for the Community Rainforest reforestation Program ($m) 
Year 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
Total 
Costs 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.06 
0.04 
10.77 
Timber 
benefit 
0.00 
0.00 
0.00 
0.00 
0.00 
15.85 
14.54 
20.89 
75.75 
Timber 
flow-on 
benefit 
0.00 
0.00 
0.00 
0.00 
0.00 
0.30 
0.31 
0.43 
2.94 
Net 
wood 
benefits 
p&Q5 
-0.05 
-0.05 
-0:05: 
r -0105? ' 
16:09 
14.80 
21.29 ; 
67.92. 
Carbon 
benefit 
0.01 
0.01 
0.01 
0.01 
0.01 
-0.55 
-0.48 
-0.64 
3.38 
Water 
benefit 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.65 
Conservation 
benefits 
0.00 
0.00 
0.00 
0.00 
0.00 
1.72 
2.81 
2.84 
9.38 
Training 
benefits 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.26 
Total 
NWFBs 
0:03: 
".0.03 
0.03 
: 0.03 
"0.03 
; 1.19 
:;2.35 
"/"2.21:-: 
.^3.67^ 
Total 
Benefits 
0.03 
0.03 
0.03 
0.03 
0.03 
17.34 
17.21 
23.53 
92.36 
Net 
benefits 
-0.02 
-0.02 
-0.02: 
-0.02 > 
.
£0,02 
17.28 
17.15 ; 
-23.50 
: ^ 1 ^ 9 . 
•: /V-..-.'V/» ''ftffiMi-.'-'- 'J;;.'-'''A'-;'* 
PV (7%) (1993 dollars) 
6.91 4.36 0.54 
PV (7%) (2001 dollars) 
7.89 4.97 0.62 
NEV;. 
-2:02 
' NPVT: 
-2:30 ; 
2.58 
2.94 
0.11 
0.12 
PV (7%) (1993 dollars) 
0.45 0.22 
PV (7%) (2001 dollars) 
0.51 0.25 
^3:35/; . : 
J.i.O 
8.25 
9.42 
NPV : 
." 1.34-
; • " ' • : : . : • 
1,53 
It is important to note the benefit flows in the years between 2000 and 2023, because 
without inclusion of NWFBs, the economic flows in these years would be negative. If the 
conservation benefits are excluded from the analysis, the NPV is still positive at $ 1.1m. 
Table 16-1 can be summarised in terms of the total economic value framework as follows: 
DUV IUV 
TEV = ($ 5.0m + $ 0.6m) + ($ 2.9m + $ 0.1m + $ 0.5m + $ 0.2m) = $ 9.4m [6.1] 
I I I I I I 
$5.6m $3.8m 
Where TEV is the total economic value; 
DUV are direct use values (timber value plus flow-on benefits); and 
IUV are the indirect use values (carbon, water, research and conservation values). 
Equation [6.1] reveals that the total economic value (which represent the benefits 
associated with three planting years) are $9.4m (expressed in 2001 dollars and using a 7% 
discount rate). The net economic benefit (TEV less cost of $7.9m) to society is estimated 
at $1.5m. 
Another important performance indicator for a project is provided by the economic internal 
rate of return (EIRR). The economic internal rate of return (EIRR) is the discount rate or 
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rate of return corresponding to a zero net present value. The EIRR, like a financial internal 
rate of return (FIRR), should be at least equal to the cost of borrowing which in this study 
is the long-term bond rate, and the EIRRs of alternative projects. In Table 16-2, the EIRR 
reveals that without NWFBs included, the discount rate has to be at least 5.8% for the NPV 
to be equal to zero, 7.4% if carbon benefits are included and 7.9% if all NWFBs are 
included. This suggests that a lower discount rate than the long-term bond rate - of about 
2% - is warranted and could be applied for forestry projects when valuation of NWFBs is 
not undertaken. 
Table 16-2 
Economic internal rate of returns (EIRR) in the CRRP 
Discount rate 
NPV excluding NWFBs 
($m) 
r = 5% r = 7% r = 9% 
2.7 -2.3 -4.3 • 
5.8% 
NPV including timber and 
carbon benefits only (Sm) 
r = 5% r = 7% r = 9% 
"62;_— 0.6 ;-:-1.8 
""7.4*%" 
NPV including all NWFBs 
($m) 
r = 5% r = 7% 
7.9%*" 
r = 9% 
SSi 
a) Performance of the CRRP with dual discount rates 
The performance of the CRRP was also derived by using dual discount rates. The discount 
rate of 7% was applied to the costs and the timber benefits (including induced income 
benefits) and a social discount rate of 3% for the NWFBs. Under this scenario, the NPV is 
$4.9m as presented in Table 16-3. 
Table 16-3 
Net present value of CRRP plantations when dual 
Rates of discount are used ($m) 
Item discounted 
Costs (@ 7%) 
MoodBj^s (@ 7%) gf 
Carbon benefit (@3%) 
Water benefit (@ 3 % 
Conservation benefit (@3%) 
Education benefit (@ 3%) 
Total NWFBs (@ 3%) 
NPV,". 
PV ($m) 
-7.9 
5.6 .:•'• 
4.1 
0.3 
2.7 
0.3 
• • - 12 
%&&} 
Table 16-4 reveals that the NWFBs have higher present values than the wood benefits 
when a social discount rate is applied to the NWFBs. This mainly due to the carbon 
benefits occurring early in the life of a plantation and the costs of carbon emissions much 
later. 
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b) Performance of the CRRP if there are no harvests 
The NPV of the economic value of the CRRP was also estimated using a third set of 
performance criteria, where the timber is not harvested at all. The estimates of Table 16-1 
were re-worked and are presented in Appendix L. For instance, without harvesting, there 
are no flow-on benefits nor any job creation. The assumptions used in developing Table L-
1 (in Appendix L) are that by not harvesting, the landholders do forego financial benefits 
(from timber sales) but gained economic benefits (from conservation), which are at least of 
equal value and are shared by the rest of the community. However, there are opportunity 
costs to take into account. The revenue foregone by loggers and transporters of the logs 
(assumed to be $50/m3 and included in the timber price at the mills' gate in this study), as 
well as the induced flow-on income foregone, must be added in the cost column of Table 
L-l. The costs associated with accreditation, pruning and weeding, after the third year of 
each planting season, were deducted from the recurrent costs. Under this performance 
criteria, the present value of the carbon sequestered is $3.3m, which is $0.4m more than 
when harvesting takes place (although the undiscounted value has risen to $7.5m when no 
logging occurs). The present value of conservation benefits increases from $0.5m to 
$1.6m, which is not sufficient to cover the considerable economic costs of $ 10.1m. The 
NPV when all other NWFB benefits are taken into account is minus $4.8m compared to 
$1.5m when staged logging occurs. For the NPV to equal zero with no harvesting, the 
discount rate has to be near zero. Even if one assumes that the social discount rate is about 
3% in Australia, a zero discount rate requirement suggests strongly that this would be 
unacceptable for a reforestation program. This finding also suggests that harvesting is an 
important component of the CRRP that should be encouraged to bring a positive economic 
outcome. NWFBs cannot, by themselves, justify the costs of the CRRP from an economic 
perspective. In fact, this scenario provides a compelling reason to encourage landholders 
to harvest part of their CRRP planting, if they did not intend to. 
16.2 Sensitivity Analysis of Key Parameters 
Sensitivity analysis has been conducted to provide some indication of the robustness of the 
estimated economic performance of the CRRP with respect to key parameters, specifically 
discount rate, harvest volume, annual price increase in timber, carbon sequestration value, 
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initial timber price, and costs. Unfavourable scenarios include a 2% increase in discount 
rate, a 30% increase in cost, and a price for carbon sequestered of only $ 16/t. 
It must be pointed out that the timber benefit component of the NPV and the carbon 
sequestration benefit component of the NPV are net values. All the CRRP costs have been 
deducted from the timber revenue while the costs associated with carbon emissions have 
been deducted from the benefits of carbon sequestration. The calculation of the NPV was 
performed in Excel with and without the NWFBs, with a discount rate of 7%. All dollar 
values are expressed in 2001 dollars. The discount rates of 5% and 9% are also applied in 
all sensitivity tests for illustrative purposes only. 
16.2.1 Sensitivity of NPV to the discount rate 
The selection of a discount rate is critical in assessing the viability of any long-term 
project. A discount rate of 7% was selected as the benchmark rate for the reasons given in 
Chapter 9. Discount rates of 5% and 9% are selected for the sensitivity analysis, as 
reported in Table 16-4. All values are in 2001 dollars. 
Table 16-4 
Present values of benefits in the CRRP ($m) 
Benefit category 
Costs 
Income benefits 
Timber benefits 
Net timber benefits (NPV) 
Net carbon sequestration benefits 
Education benefits 
Water benefits 
Conservation benefits 
Total NWFBs 
NPV ($m) 
5% 
-8.7 
0.9 
11.4 
2.7 
3.5 
0.3 
0.2 
1.1 
5.1 
7.8 
Discount rate 
; 7 % ^ - . 
0.6 
:V;v^50Pf53 
- : : . - 2 3 * ; : : 
2-?V: 
' 0.3.1 
01 ; 
0.5 : 
:•":/ 3.8r%:: 
-•:i^-:r 
9% 
-7.2 
0.5 
2.9 
-4.3 
2.4 
0.2 
0.1 
0.2 
2.9 
-1.3 
(a) includes all wood and non-wood forest benefits 
The shaded area in Table 16-4 represents the PVs of the components when the benchmark 
discount rate of 7% is applied. This column is a summary of the results derived in Table 
16-1. Without the NWFBs, a decrease in the discount rate from 7% to 5% increases the 
NPV to $2.7m. When NWFBs are included, the NPV improves by $6.2m from $1.5m to 
$7.7m. The addition of NWFBs to timber revenue cushions the impact of the discount rate 
on the NPV. 
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This 'softening' of the economic impact of the discount rate on the NPV is better explained 
by analysing the benefit flow in Table 16-1. This table reveals that the carbon 
sequestration benefits occur in the early years of a plantation (in the first 16 years) and no 
carbon emissions losses. By the time carbon emissions become considerable, during the 
harvesting process, the present value of these emissions 'costs' is small compared to the 
value of carbon benefits accrued in earlier years. 
This sensitivity analysis clearly demonstrates that the NPV is highly sensitive to the 
discount rate selected. A reduction of 2% in the discount rate increases the NPV by $6.5m 
from $1.2m to $7.7m. However, an increase of 2% in the discount rate reduces the NPV by 
$2.7m from $1.2m to minus $1.5m. However, the NPV for timber is even more sensitive 
to the discount rate than when all benefits are included to estimate the NPV. A reduction 
of 2% in the benchmark discount rate increase the NPV for timber by $5m (compared to 
$6.5m when all benefits are included) while a 2 % discount rate reduction decreases the 
NPV for timber by $1.5m (compared to $2.7m with all benefits included). 
16.2.2 Sensitivity of NPV to variations in timber yield 
The sensitivity of NPV to changes in yield (MAI in m3/ha) has been tested by increasing 
and decreasing the yields of all tree species groups by 10% and 30%. 
Table 16-5 reveals that at the benchmark discount rate of 7%, an increase of 30% in MAI -
and therefore in the timber volume harvested - increases NPV by $1.6m for wood benefits 
and $2.6m when all non-wood benefits are included. However, while in percentage terms, 
the increase in timber is 379% from minus $2.3m to minus $0.7m, the percentage increase 
when carbon sequestration benefits are included is 243%, increasing from 0.6m to $3.1m. 
When all benefits are included the increase is 170%, increasing from $1.5m to $4.1m. If 
the volume of timber harvested is overstated by 30%, the decrease in NPV is of the same 
magnitude but with the opposite signs. The NPV is highly sensitive to change in volume, 
especially when the benfits from carbon sequestration are included. 
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Table 16-5 
Sensitivity of NPV to MAI with and without NWFBs 
Volume NPV excluding NWFBs ($m) NPV including timber and NPV including all NWFBs 
change (%) carbon benefits only ($m) ($m) 
7% 9% 5% r = 7% r = 9% 5% 7% 9% 
-30% _o.6 -3.9 -5.1 1.8 -1.8 
-10% 1.6 -2.8 -4.5 4.7 -0.2 
No change _ _ 2.7 -2.3 . -4.3. 6&&M&§2 
+ 10% 3.8 -1.8 -4.0 7.6 1.5 
+30% 6.0 -0.7 -3.5 10.5 3.1 
The variation in NPV is relatively larger than the variation in timber volume because when 
a change in MAI occurs, not only does the revenue from timber change by the same 
proportion but the amount of carbon sequestered also changes. Similarly, a change in 
timber volume affects the inter-industry impact in terms of the added induced income. The 
'conservation' benefits also increase or decrease when MAIs are increased or decreased 
because 'conservation' benefits are assumed to be equal to the timber revenue foregone by 
the landholders. 
16.2.3 Sensitivity of NPV to variations in stumpage value 
The sensitivity of NPV to variations in stumpage price was tested by increasing and 
decreasing the stumpage price by 10% and 30%. However, unlike changes in MAI, 
stumpage prices do not affect carbon uptake benefits or the water quality improvement 
benefits, though they do affect the conservation benefits (linked to timber revenue foregone 
by landholders by the same percentage). Table 16-6 presents NPV estimates when 
stumpage prices are varied. 
Table 16-6 
Sensitivity of NPV to mill's gate prices with and without NWFBs in the CRRP 
Stumpage NPV excluding NWFBs 
change ($M) 
(%) r = 5% r = 7% r = 9% 
-30% -0.6 -3.9 -5.1 
-10% 1.6 -2.8 -4.5 
Noxhange^- 2.7 -2 3 -4.3 
+10% 3.8 -1.8 -4.0 
+30% 6.0 -0.7 -3.5 
NPV including timber and 
carbon benefits 
r = 5% 
2.9 
5.1 
figpg 
7.3 
9.5 
r = 7% 
-0.9 
0.1 
SSic: 
1.2 
2.2 
only ($M) 
r = 9% 
-2.6 
-2.1 
:.,-lA::: 
-1.6 
-1.1 
NPV including all NWFBs 
($M) 
r = 5% r = 7% 
4.1 -0.2 
6.6 1.0 
r = 9% 
-2.1 
-1.6 
:..:+Z-8
 ;„1_.5 -1.3 
9.0 2.1 
11.4 3.2 
-1.0 
-0.4 
When timber only is considered, a change in stumpage price has obviously the same effect 
as an identical variation in yield across all species. In practice, the NPV may change 
because the logging and transport costs may differ if the MAI instead of the stumpage price 
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is changed, but variations in logging or transport costs were not considered (e.g. logging 
larger trees may be more cost-efficient than logging smaller ones, but more trips may be 
required). From an economic perspective, an increase in timber volume is more effective 
than an increase of the same magnitude at mill's gate prices. A comparison of Table 16-5 
with Table 16-6 reveals that the NWFBs increase more with an increase in timber volume 
than an increase in timber prices. Furthermore, an increase on timber volume creates an 
increase in carbon sequestration benefits. It may also provide the opportunity to log before 
the stated rotation lengths. 
16.2.4 Sensitivity of NPV to annual price increase in timber 
In the previous section, the stumpage prices were assumed to be constant but overstated by 
10% and 30% in one scenario, and understated by 10% and 30% in the other scenario. In 
this section, the analysis differs in that real annual price increases for timber are included in 
the model. The annual price rises, used in Table 16-7, are assumed to be the same in 
percentage terms across all species groups. 
Annual real 
price 
increase (%) 
No changes:-: 
0.3% 
1% 
2% 
Table 16-7 
Sensitivity of NPV to annual 
NPV excluding NWFBs ($M) 
r = 5% 
WsimM 
3.8 
7.0 
13.3 
r = 7% 
-2-A : 
-1.8 
-0.4 
2.2 
r = 9% 
. -4.3 
^ . 1 
-3.4 
-2.2 
price change 
NPV including timber and 
carbon benefits 
r = 5% 
WS&k 
7.3 
10.5 
16.8 
r = 70/ 
iiili 
i i 
2.5 
5.2 
only ($M) 
3 r = 9% i 
.-.-I? 
-1.6 
-1.0 
0.2 
NPV including all NWFBs 
• = 5 % 
••.^-Q-SKi?. 
9.0 
12.6 
19.7 
($M) 
r = 7% 
ma 
2.1 
3.6 
6.6 
r = 9% 
-1.0 
-0.3 
1.0 
An annual real price increase of 0.3% p.a.- following Sohngen et al. (1999) global forecast 
of timber price - is included to show how this increase would change the NPV. Using the 
benchmark 7% discount rate, a 0.3% real price increase changes the NPV (excluding all 
NWFBs) by 21.5 % to minus $1.8m. When carbon is included in the analysis, the NPV 
increases by 76.8% from $0.6m to $l.lm. When all benefits are included, the percentage 
increase is 36.1%. For a 1% increase in real price, the NPV for the wood benefits changes 
by 136% to minus $0.4m (excluding all NWFBs). To turn the NPV positive, the real 
annual price increase would have to be 1.2% per annum. 
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With real price increases in timber, the revenue from timber also increases relative to the 
carbon sequestration benefits. The conservation benefit changes by the same magnitude as 
the annual price changes, but the flow-on income benefits increase at a lesser rate than the 
increase in real price, because the income multipliers are less than unity. 
16.2.5 Sensitivity of NPV to carbon price 
The value of carbon sequestration is a key factor in estimating the TEV of the plantation 
estate in the CRRP. Values of $16/tC, $20/tC, $26/tC, $30/tC and $80/tC are included in 
the economic model to test how this parameter affects the NPV. The NPV estimates are 
presented in Table 16-8 
Table 16-8 
Sensitivity of NPV to variation in carbon sequestration value 
Change in carbon NPV including timber and carbon NPV including all NWFBs ($m) 
sequestration benefits only ($m) 
value ($/tC) 
16 (-30%) 
20 (-15%) 
:233(Base sceriariojS^ 
26 (+15%) 
30 (+30%) 
80 (+247%) 
r = 5% 
5.1 
5.7 
'\-..\6.8---:''> 
6.6 
7.2 
14.9 
•r = 7°/o- ; 
-0.3 . 
. 0.3 
" 0:6 
1.0 
. '
:
 1.5 
: 7.9 
r = 9% 
-2.6 
-2.2 
-- - 1 . 8 - •• 
-1.5 
-1.1 
4.2 
r = 5% 
6.7 
7.3 
7.8 -
8.2 
8.8 
16.4 
;?*=:?%;."-" 
iS :fj0.6/+-,.. 
. • i . i 
I 1.5 " 
iis> : 
2.4 
8.8 v 
r = 9% 
-2.0 
-1.6 
-1.3 
-1.0 
-0.5 
4.8 
A 15% reduction in the price of carbon to $16/t reduces NPV by 139% (when all other 
NWFBs are excluded) to minus $0.3m, while an increase of the same magnitude increases 
the NPV by 60% to $1.9m. With all NWFBs included, the NPV decreases by 58% to 
$0.6m when a ton of carbon is valued at $16/t, and increases by 25% when its value is 26/t. 
A change in the value of carbon sequestered does not affect other benefits1. Separate 
calculations in the spreadsheet model indicate that with the benchmark discount rate of 7%, 
the NPV for timber and carbon will be zero if carbon is valued at $11/t, and $35/t if a 9% 
discount rate is used and other key factors are unchanged. These values of carbon are 
within the range of carbon prices reported in Chapter 12. 
It is assumed in this study that a variation in the value of carbon sequestration does not have any 
effects on the other parameters of the model. This may change if carbon trading was to emerge. 
Under a carbon-trading system, employment in this market would grow and in turn the trading may 
facilitate growth in forestry plantations in Queensland with many benefits flowing to other sectors of 
the Queensland economy, although not necessarily the Far North Queensland statistical division. 
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16.2.6 Sensitivity ofNP V to costs 
Table 16-9 presents estimates of the NPV if the CRRP costs were reduced by 30% and 
50%. 
Table 16-9 
Sensitivity of NPV to variations in costs in the CRRP 
Costs NPV excluding NWFBs NPV including timber and NPV including all NWFBs 
variation (%) ($m) carbon benefits only (Sm) (Sm) 
r = 5% r = 7% r = 9% r = 5% r = 7% r = 9% r = 5 % r = 7% r = 9% 
-30% _ 5.2 0.0 __^2, ^ 8/7 ^2.9 02 ^ 102 3.8^  5.2 
30% "" " 0/2 "*-4.6**r"""-6.4"""""3/7""" ^-L6 " ^ -3T9 *" 5.T "~~~-0.7 0.2 
With a 30% decrease in costs, the NPV increases by $2.3m (+147%) from $1.5m to $3.8m 
when a 7% discount rate is applied and all benefits are considered. The NPV for wood 
benefits is more sensitive to variations in costs with a 30% decrease in cost, the NPV 
increases by $ 2.3m (+98%) from minus $2.3m to minus $0.0m, which is just sufficient to 
recoup the capital invested. Minimising establishment costs is therefore crucial to the 
profitability of a tree-planting program. Such costs reductions are possible within the 
context of joint ventures or programs run within existing forestry agencies. 
16.3 Comparisons of this Model with Other Models developed for Mixed Tree 
Species Plantations 
There are no other studies against which the findings of this study can be directly 
compared. As reported by Harrison (1998, p. 292), economic evaluations of NWFBs 
associated with small-scale farm forestry in developed countries are lacking. The 1995 
IUFRO Conference held in Edinburgh, had for main focus the valuation of non-wood forest 
benefits, and revealed that a strong interest in this area of economic evaluation existed. 
However, none of the case studies presented in that conference could be used for 
comparison nor was there an economic model against which the model of the present study 
could be directly compared. 
To compare the economic model developed in the course of the thesis, two Australian 
financial models are reviewed - the model developed by Ward (1993) which was an 
extension of Gough's model, and the financial model developed by Herbohn et al. (1997). 
Although these two models are essentially designed as management tools by extension 
officers, they are selected because they are specifically designed to deal with mixed tree 
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species plantings. The model developed in this thesis may be treated as an extension of 
those models. However, important differences exist and the most important ones are that 
NWFBs are not included in the model reviewed and only costs directly relevant to tree 
planting (financial costs) were included. As well as these major differences, other 
assumptions in these models depart from the assumptions made in the current study. 
Ward (1995) adopted the Faustman model of infinite rotations but excluding NWFBs to 
analyse the land expected value (LEV) for a six-tree-species mixture. The underlying but 
not stated assumption of Ward's economic analysis is that each species is part of a separate 
stand and therefore each tree species was separately analysed. The costs were the same for 
each species analysed and the problem of joint costs was not raised. For instance, if tree 
species on a plot have a 20-year rotation, then they are all harvested at that time. Ward's 
analysis did not allow for a mixture of species on the same accounting unit of one hectare 
of land. However, the main difference of using the Faustman's formula to estimate the 
land expected value is that if the 20-years old tree species on one hectare (the accounting 
unit adopted in his analysis) is harvested, that hectare must be replanted. So if the rotation 
period for a different tree species is 60-years, there would have been three rotations of the 
other species. By combining the revenues streams derived from the various species, the 
LEV expressed in dollar per hectare was therefore much higher than in the current study 
whereby staged harvesting is assumed within a single 50-year rotation. 
The other model developed in the context of the CRRP is the financial model developed 
for Australian Cabinet Timbers Financial Model (ACTFM) by Herbohn et al. (2002). 
Their model allows landholders to enter a level of details not contemplated in this study. 
For instance, the stumpage price is a function of the timber quality and product that will be 
delivered. Various scenarios, which involve logging the trees at various ages, can be 
represented in that model. In the model of staged harvesting adopted in this study, the 
harvesting ages were given. 
16.4 Summary and Discussion 
The main goal of this chapter was to assess the performance of the CRRP by integrating all 
the costs and benefits (wood and non non-wood forest benefits) within the cost-benefit 
framework. The performance indicators used were the NPV and the EIRR. The robustness 
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of the NPV to changes in key parameters included in the model was tested using sensitivity 
analysis. Finally, the model developed in this study was compared to other plantation 
models. 
The results of the analysis undertaken in this chapter provide insights into the economics of 
the CRRP. The economic performance estimates (expressed in 2001 dollars) from the 
economic model indicates that with the benchmark discount rate of 7%, the NPV for the 
CRRP is $0.6m. The main components of the NPV are the timber benefits amounting to 
$4.9m, the carbon sequestration benefits amounting to $2.9m, income benefits amounting 
to $0.6m with water improvement benefits and conservation benefits contributing $0.1 m 
and $0.5m respectively to the NPV. The economic internal rate of return is 7.3%. If the 
NWFBs were excluded from the model, the economic internal rate of return decreased to 
5.2%. 
The sensitivity analysis was to investigate how sensitive the estimated NPV was to changes 
in the key parameters used in the model. The key parameters affecting the NPV were the 
discount rate, the costs and the value of carbon sequestration. With a real annual price 
increase of 2%, the EIRR is 9.6%. For real annual price increases of 0.3%, the EIRR was 
8.2%. 
When a price change is introduced into the analysis, the flow-on income benefits and 
conservation benefits are affected by the change. The magnitude of these changes for the 
flow-on income benefits component of the NPV is driven by the income multiplier effect 
and for the conservation benefits component by the amount of timber revenue foregone by 
landholders. The sensitivity analysis undertaken in this chapter indicates that even large 
variations of 30% in timber mill's gate prices are not sufficient to produce a positive NPV 
when NWFBs are excluded. With all NWFBs included, the NPV is $3.2m (112% increase 
from $1.5m). However, if the timber yield (in m3/ha) is changed by 30%, the NPV 
increases by 170% to $4.1m. This is because an increase of timber volume increases not 
only timber revenue but also the flow-on income benefits. More importantly, an increase 
in timber volume increases the carbon sequestration mass by the same proportion, and 
therefore the carbon sequestration benefits. Obviously, the converse is true when a 30% 
reduction is applied to the estimated timber volume. 
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The NPV is less sensitive to the value of carbon sequestered relative to the other 
parameters tested. For instance an increase of 15% in the value of carbon sequestered from 
$23/tC to $26t/C increases the NPV by 25% from $0.6m to Sl.Om. For the NPV to be 
zero, with a 7% discount rate applied, the value of carbon sequestered must be between 
$ll/tC when all other NWFBs are included and $18/tC when all other NWFBs are 
excluded. 
Two main insights into the economics of mixed tree-species plantations have emerged 
from this chapter, and the first is contrary to the conclusions claimed in previous studies on 
the values of NWFBs. An insight gained is that non-wood forest values associated with 
plantation forestry, such as those explored in this thesis, are not as large as was thought. 
NWFBs may be large in the context of native and old-growth forests, hence the rationale to 
preserve native forests, but much less in the context of disperse and generally small tree 
plantations of the type established in the CRRP. The CRRP plantations are assumed to 
have a limited life of 50 years, therefore the benefits gained are temporary, and except for 
carbon sequestration, these benefits only begin to make measurable differences (e.g. water 
quality improvement, conservation values) at the time harvest begins (20 years after 
planting). 
In native forests, the value estimated for carbon sequestration would be foregone if the 
forests were to be logged. The present value of the net carbon sequestered ($2.9m) over 
the life of the CRRP plantation has been found to be lower than the value of timber 
($5.0m), and even when no carbon emissions are assumed, as presented in an hypothetical 
scenario where no harvest occur, the present value of the carbon benefit increases only to 
$3.3m. Thus, if logging did not occur, the reliance of carbon sequestration values and 
conservation values would result in a poorer economic outcome (i.e. negative NPV). This 
is a major difference with native forests that did not cost anything to plant and have large 
quantities of carbon sequestered and recreational benefits as well as many other NWFBs. 
The use of a social discount rate to estimate the present value of the NWFBs indicates that 
the value NWFBs ($7.2m) is higher than for the wood benefits ($5.0m) and the NPV for 
the program is $4.9m. The use of dual rates in plantation forestry raised two main issues. 
The first is that there could be double counting the NWFBs. Social rates were used 
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historically to acknowledge that there existed benefits derived from forests, which were not 
quantified in dollar terms. The second is that investment decisions, including public 
investments, should, be made where the best returns to society can be achieved. Using low 
discount rates for particular category of goods would distort the market, discourage private 
investments in the protection of natural assets as well as discouraging markets to develop 
for these resources. 
The model developed in the study assumes that staged harvest do no affect water quality 
and water yields, and therefore do not affect water treatment costs. This assumption may 
not be correct and scientific evidence would be required to find out the point at which tree 
density affects water quality. 
The output of the economic model reveals the importance of including the benefits of 
carbon sequestration, especially at the early stages of tree plantation development. Carbon 
sequestration benefits will become crucial in retaining a positive cash flow in the early 
years of a tree plantation if carbon was traded or taxed (assuming that tax credits are 
allowed whereby the tax is not limited to carbon emissions as is the case in most European 
countries). More importantly, if traded or taxed, this resource would increase the financial 
returns of tree plantings which in turn would facilitate the greenhouse target agreed to by 
Australia in Kyoto and that the current government wants to keep, although not necessarily 
by ratifying the protocol. However, from an economic perspective, the NWFBs contribute 
in raising the EIRR by 2%. 
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Chapter 17 
POLICY IMPLICATIONS AND SUGGESTIONS FOR FURTHER 
RESEARCH 
The aim of this thesis has been to quantify the non-market benefits of a small-scale 
reforestation government program and to integrate those benefits with the timber benefits 
in a cost-benefit analysis framework, to determine the total economic value of a forestry 
program. The case study used to apply the concept of total economic value was the 
Community Rainforest Reforestation Program (CRRP) implemented in 1992 in north 
Queensland. This program was designed by local government authorities in north 
Queensland in response to the formation of the Wet Tropics of Queensland World Heritage 
Area (WTQWHA). The CRRP was selected, because it was a forestry program not only 
aimed at encouraging the development of private tree plantations in north Queensland, but 
also aimed at achieving environmental and social goals that had equal status with the goal 
of timber production. Although non-market benefits associated with reforestation are well-
documented in the scientific literature, they have rarely been valued in dollar terms and 
integrated in the economics of small-scale tree plantations. The gap in knowledge might 
have been a stumbling block for the local government authorities of north Queensland 
when attempting to justify additional funding for the CRRP. This thesis, therefore 
contributes to a better understanding of the magnitude of these economic benefits and of 
the total economic value of small-scale tree reforestation programs. Because of the holistic 
approach adopted, the thesis also explains in part landholders' behavior towards 
reforestation in Queensland and why they take part in reforestation programs, but also why 
the concept of community forestry is unlikely to be put into practice in Queensland. 
Together with the evaluation of timber values, the thesis provides new knowledge of the 
total economic value of small-scale tree plantations programs. 
As far back as 1987, Byron and Boutland (1987a) had difficulties in understanding why 
small-scale private landholders in Queensland did not plant trees. These difficulties arose 
because of the lack of primary data on landholders' attitudes towards reforestation. The 
thesis took the approach of a landholders' survey undertaken to better understand why 
landholders made decisions to plant trees through their participation in the CRRP. Their 
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responses, together with the economic valuation and lessons learnt from this program, 
provide a sound grounding for future planning of forestry programs. 
The findings drawn from the historical context, from the qualitative chapters and from the 
quantitative chapters of the thesis, are summarized in the following sections. This is 
followed by a discussion of the limits of the analysis undertaken. In the final section, 
suggestions are made for further research into the total economic value of farm forestry 
programs. 
17.1 Findings Provided by the Forestry Historical Context 
Historically, private tree plantations in Queensland have covered less than 20,000 ha. By 
the mid 1990's, private plantations reported in the DPI-Forestry Annual Reports had 
decreased to nil. Private landholders' tree plantations in Queensland were non-existent in 
the DPI-Forestry statistics, the ABS statistics and in the RAC report (1992) until the 
establishment of the CRRP (although some landholders have privately planted trees for 
timber income but unfortunately statistics are not available for those because landholders 
do not report their plantings). 
17.1.1 Context in which the CRRP was established 
In 1988, 9,000km2 of the Wet Tropics of North Queensland was inscribed into the World 
Heritage list. Subsequently, the lack of substitute areas for logging in north Queensland 
provided the catalyst to develop and implement a forestry program. The goals of the 
program was to revitalize the timber industry and to assist in the social healing process 
through employment creation for young people and income generation in the regional 
economy as well as arresting soil degradation and improving water quality. Historically, 
forestry has been a vehicle to provide employment in Australia and has been heavily 
subsidised to fulfil this role. In these respects, the Queensland experience is common with 
other Australian Sates and many other countries. With the high demand for hardwood 
timber in Queensland, the CRRP provided a potential mechanism to maintain and even 
increase employment in regional Queensland while new technology1, such as portable 
mills, which has the advantages of reducing the costs of selective timber harvests in small 
woodlots. 
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17.12 Is the CRRP a 'community 'forestry program ? 
The thesis explored the concept of 'community' forestry and more specifically why 
'community forestry' is the desirable approach to take in the future for expanding forestry 
into land available but currently under-utilised by landholders. The thesis has to some 
extent taken the 'myth' out of the CRRP by examining what makes a forestry program a 
successful community forestry program. The analysis of property rights in Queensland 
suggests that it would be difficult to create this type of forestry. A basic requirement is the 
need for cooperatives and the need by landholders to give up some of their existing rights 
to these cooperatives in terms of managing the total plantations and not be restricted to 
marketing the timber. This would optimize the economic benefits of reforestation to 
society and assist landholders in replanting. 
The forestry literature's attempts to differentiate between 'community' forestry in 
developed countries and developing countries certainly did not clarify the community 
forestry concept and in many instances confused ,the issue by interchanging 'community' 
forestry with 'social' forestry, 'urban' forestry and even 'farm' forestry. Community 
forestry is clearly defined in the sociology literature and involves a 'bottom-up' approach 
to management. Landholders have control of the inputs and outputs, with a long-term goal 
of managing their plantations without government assistance. While some of these 
elements, necessary for successful community forestry, have been present in the CRRP, 
there did not seem to be a common will amongst landholders to go to the next step and 
develop the skills learnt to expand the plantations independently from governments and 
recruit in their rank 'new' landholders. The author is not aware that any independent 
plantings by CRRP landholders has occurred since the CRRP ceased as a planting program 
in 1997 nor that the cooperative which was formed to assist CRRP landholders recruited 
non-CRRP members or assisted in the way CRRP plantations are managed. Although it 
may be too early to say, the CRRP has not led to unassisted establishments of tree 
plantations in north Queensland. 
The name given to the program - Community Rainforest Reforestation Program - was 
more a 'catch-name' to inject a psychological uplift to the people of north Queensland than 
a name reflecting an effective community program. As a psychological artifact, the CRRP 
Technological progress in forestry has reduced employment, but this reduction has mainly been in the 
large-scale wood-processing sector that relies mainly on monoculture and wood of similar 
characteristics. 
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did not achieve the expected social healing or did not change the attitude of landholders 
who were not CRRP participants to protect their native forest or to manage sustainably 
these forests. This was demonstrated by the fact that clearing of native rainforests on 
private lands in north Queensland has not ceased but has increased since 1988. 
On the positive side, elements of the CRRP have a strong 'community' base. The CRRP 
was an inclusive program where the labour force was drawn from a Commonwealth labour 
program and where various government departments with no direct links to forestry co-
operated with landholders. The program also attracted university researchers and the 
Queensland Forest Research Institute (QFRI) at Atherton. Data collected from CRRP 
plantations will provide a wealth of knowledge in the next few decades on growth rates of 
many tree species which have never been studied in depth and over long periods in a 
plantation setting. 
17.2 Findings Provided by the Qualitative Surveys Data 
At the commencement of this study, little was known about landholders' perceptions of 
forestry and of government forestry programs in north Queensland. Within the CRRP 
context, some new insights were gained, although they must be qualified by restricting 
them to CRRP landholders. For instance, landholders surveyed in the CRRP had little 
knowledge of forestry programs available to them, except for 20% of landholders who 
knew of Landcare programs. These findings are at odds with subsequent landholder 
attitude surveys conducted in south-east Queensland and northern New South Wales. 
Most landholders did not perceive production forestry as their main motivation to plant 
trees on their property or to earn an income. This explains why a mixture of native tree 
species, with long rotations, high establishment costs and unknown performance, is the 
only option they considered when decisions to plant were made. This finding was 
reinforced by later surveys in south-east Queensland and the northern New South Wales. 
Two major reasons were identified for not planting more trees, overlooked in other 
landholders surveys - time availability and land availability. Taxation on timber income 
was not an important issue for landholders in north Queensland, although this could be due 
to landholders lack of knowledge of how the taxation office deals with private tree 
plantation income which are not part of the main farm business. Taxation may become an 
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issue only when accountants inform their clients about taxation of timber revenue. 
Alternatively, because income from timber is secondary, taxation may not be an issue 
anyway. 
Establishment costs, a common impediment to tree planting in all the landholder surveys, 
were the main reason why landholders in the CRRP did not previously plant trees or 
expanded planting. Large-scale tree planting for timber production was perceived by 
landholders as a factor which would have 'distracted' them from their main occupation 
(i.e. there was an opportunity cost). 
17.2.1 Role of advertising in reaching landholders in the CRRP 
The surveys demonstrated that a tree planting program may attract the interest of many 
landholders if advertising is done through a variety of media. Programs previous to the 
CRRP were low key, advertised only in brochures or local papers. 
17.2.2 Landholders' attitudes towards the environment 
Responses to the author's landholders' survey also revealed that environmental issues were 
more important than timber production in their decision to plant trees. The study found 
that attitudes of landholders of north Queensland towards caring for the environment were 
not different to those in the rest of the Australian population. This care of the environment 
is demonstrated by the fact that when CRRP landholders planted trees, the trees selected 
were rainforest species native to the local area. A majority of landholders (66%) and all 
LGAs respondents surveyed rejected outright monoculture of radiata pine. This finding 
provides a further insight into why previous tree plantation programs were not successful 
and why they may not be successful in the future. 
While 63% of landholders mentioned timber production as an important aspect of why 
they joined the CRRP, only 20 of the landholders surveyed (57%) mentioned timber 
production in their five highest ranked answers and only 7% of landholders ranked timber 
production first. The environmental issues that landholders were concerned about were 
issues that were a reality on their own land, including soil erosion, land degradation and 
mamtaining water quality. However, reducing greenhouse gases emissions ranked high, 
although the impact of these emissions on agriculture are not directly noticeable. At the 
time of the surveys, carbon taxes were canvassed but had been rejected by the 
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Commonwealth Parliament, so the possibility that carbon credits could be gained did not 
motivate the respondents. 
17.2.3 Landholders attitudes towards the CRRP 
The surveys also revealed two major issues related to the objectives of the program. 
Firstly, the majority of respondents in both surveys did not perceive the four objectives of 
the CRRP to be of equal importance. Secondly, when asked to rank these four objectives 
the LGAs participating in the CRRP ranked timber production as their first priority while 
landholders ranked specific environmental benefits as of greater importance. 
17.2.4 Landholders rankings of economic benefits of tree plantations 
Landholders were also asked to rank economic benefits derived from the CRRP. These 
rankings enabled the study to be focused on those benefits which were regarded as most 
important. Those benefits ranked most highly (ranked one to five in a list of 14) included 
reducing greenhouse gases, flow-on effects from the program (including employment), 
water quality improvement and timber production. An environmental benefit that ranked 
highly - arresting soil erosion - could not be quantified because of lack of data. 
17.3 Findings from the Quantitative Analysis 
The benefits selected in the quantitative analysis for economic evaluation were guided by 
the responses from the local government authorities and the landholder surveys undertaken 
in this study. The benefits quantified, included estimation of the values of greenhouse 
gases sequestered, improved water quality and quantity, timber production and flow-on 
benefits (including employment), research and education, as well as 'conservation' 
benefits. The value estimated for 'conservation' is a proxy for benefits that could not be 
separately quantified in dollar terms for instance soil erosion, aesthetic value and 
intergenerational equity. 
17.3.1 Benefits derived from timber production in the CRRP 
The benefits from timber production were found to be lower than in a conventional forestry 
plantation program. This was because timber production was not the sole goal of the CRRP 
and because at least 20% of the area planted is assumed not to be harvested (assumption 
based on survey respondents). If the NWFBs are not included in the economic analysis, 
the NPV is estimated at minus $2.3m (2001 dollars). 
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Water improvement benefits and education benefits derived from the CRRP were found to 
be small, contributing $0.1m and $0.5m to the NPV. Income generated in upstream 
industries accounted for another $0.5m. In order to have large community benefits, 
planting must be continual until harvests begin and replanting starts again. The 
'conservation' value will likely increase over time in real terms because of the population 
growth and as more forested areas gain protection status. 
17.3.2 Costs incurred in the CRRP 
The costs of the CRRP plantings were found to be high compared to monoculture tree 
plantations, especially in the establishment phase. CRRP tree plantations have high 
biodiversity values because of the large number of tree species planted (over 160 species) 
which 'typically cost more to establish than those designed primarily for timber 
production' (Harrison, 1997, p. 11). Some costs after the initial phase are relatively high, 
but should be similar to other native tree plantations costs. These costs are related to 
accreditation of hardwood tree plantations. However, while financial costs incurred in the 
CRRP could be directly translated into economic costs, the economic costs of labour was 
much lower than their financial cost and the opportunity cost of land was taken as zero, 
since there were no more profitable use for the land. 
17.3.3 The Net Present Value of CRRP Plantings 
Expressed in 2001 dollars and a with a 7% rate of discount, the net present value (NPV) of 
the CRRP plantings when only timber benefits are considered amounts to minus $2.3m and 
the economic internal rate of return EIRR) is 5.8%. With inclusion of NWFBs as 
quantified in the thesis, the NPV increases to $1.5m and the EIRR is 7.9%. The main 
contribution from the NWFBs is from carbon sequestration valued at $2.9m. The EIRR 
was derived with a set of conservative assumptions about key parameters of the model. 
For instance, with an increase of 30% in the volume of timber available for harvest, the 
EIRR is 6.7% or alternatively with a value for carbon sequestration of $30/t, the EIRR 
would be 8%. The important finding of the study is that NWFBs are not as high as 
generally perceived. This suggests that the high NWFBs estimated for native forests 
cannot be transferred to small-scale forestry plantations. However, only when wood and 
non-wood benefits are integrated, the NPV is positive. The use of dual rates, adopted in 
Chapter 16 as an alternative to the benchmark discount rate does not seem warranted to 
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estimate the NPV of CRRP tree plantations, and probably any tree plantations, because the 
issue is not a clear choice of conserving the plantations or harvesting them, but simply to 
estimate the NPV of all the benefits accrued within a 50-year time frame. The economic 
model reveals that if all plantings in the CRRP were use for conservation purposes only, 
the discount rate would have to be near zero for the NPV to be positive. This rate is under 
the social rate of discount of 3% which was used historically in Australia for forestry 
projects until the mid 1980's. Since then, all forest government-funded projects have to 
aim, as far as possible, at achieving commercial returns. Therefore government funding 
the CRRP for conservation only would generate an economic loss unacceptable to most 
Australian governments today. 
The combination of two products - timber and carbon — with the benefits and costs 
associated with these two products occurring at different phases over a 50-year period -
mitigates in part the effect of the discount rate on the NPV. For instance, the benefits 
associated with carbon occur in the first 16 years from establishment of the plantings and 
the main timber benefits occur from 30 years onwards. Conversely, the main costs in 
timber occur in the first five years while the main costs related to carbon emissions occurs 
from 30 years onwards. 
Annual real price increases in timber were part of the sensitivity analysis conducted using 
the economic model. The study found that with a 0.3% real annual increase of timber 
prices, the NPV increases by 36% from $ 1.5m to $2.1m. Without the NWFBs, this annual 
price rise is not sufficient to obtain a positive NPV, although NPV increases from minus 
$2.3m to minus $1.8m (18% increase). 
17.4 Scope and Limits of Methods Adopted in the Thesis 
Measurement of benefits derived from the CRRP planting required a range of techniques 
and approaches. The main techniques adopted in this study to estimate the economic costs 
and benefits of the CRRP plantations included the use of market prices (Chapter 10) to 
estimate the timber value, input-output analysis (Chapter 11) to estimate induced income 
flow, benefit-transfer (Chapter 12) to estimate carbon sequestration benefits, defensive 
expenditure approach (Chapter 13) to estimate water quality improvement, opportunity 
cost techniques (Chapter 14) to estimate conservation benefits and shadow pricing 
(Chapter 15) to estimate labour costs and land opportunity costs. All the techniques used 
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were market-based techniques directed at valuing 'use' values. There were no 'non-use' 
values specifically identified as important by respondents in the surveys, although in 
Chapter 14, the valuation of 'conservation' benefits may capture most of those 'non-use' 
values. The total wood and non-wood forest benefits, thus approximates the total 
economic value (TEV) of the CRRP plantations described in Chapter 9. 
17.4.1 Limitations of the economic model adopted in this thesis 
The economic model was developed into a spreadsheet where costs and benefits fed in 
through separate sub-models. The sub-models are linked to each other through common 
fields. The Excel spreadsheet enabled easy observation of how the model performed when 
key parameters were varied. The output of the spreadsheet provided three sets of NPVs 
and EIRRS per hectare and for all the CRRP plantings as well as the present value of all 
the components in each set. The three sets of estimation were for estimating a) the NPV of 
timber benefits, b) the NPV of timber plus carbon sequestration benefits and c) the NPV 
with all NWFBs. However, the model did nor have the capability nor was it a goal of the 
thesis to optimize the harvesting schedule. While this type of analysis would be valuable 
to increase the NPV, harvesting is in the hand of landholders and therefore cannot be 
organised for optimisation at a regional level. 
The economic value derived for the CRRP cannot be transferred to individual plots as a 
critical mass is required before some NWFBs can be quantified and 1,000 ha is probably 
the minimum size to analyse the total economic value of a reforestation program. This is 
not to infer that some NWFBs may not provide social benefits even if the planting is on a 
small scale. For example, if trees are planted at a location were large quantities of 
agricultural chemicals are known to pollute a watercourse, tree planting at these known 
locations will be more effective than planting hundreds of hectare of trees along a 
watercourse where no agricultural chemicals exist. Similarly, a few hectares of trees along 
a hill would be more effective in terms of erosion prevention and runoff control than more 
trees planted on a flat land. An analysis of the terrain is crucial, and the approach adopted 
in die thesis has been to average the benefits over all planted land, but only after assessing 
from the landholder survey what proportion of the land was more likely to provide a 
particular benefit. For instance, the survey of landholders indicated that only a small 
proportion of the tree planted were near watercourses. The values of water quality benefits 
improvement due to the CRRP, has been estimated by the benefit transfer method and 
344 
applied to riparian planting. As a consequence, the transferred values had to be modified 
to reflect only that proportion of CRRP planting which is in riparian areas. Even after this 
modification, the water quality dollar estimate may be uncertain because plantings were 
almost invariably confined to one side of a watercourse. 
17.4.2 Limits of the sub-model developed to estimate carbon sequestration value in the 
CRRP 
Since this thesis was first drafted, a flow of information related to NWFBs has been 
published, especially in relation to carbon sequestration. In view of the importance of 
carbon sequestration, some important issues are now raised. In the economic model 
developed for this study, the value of carbon sequestration benefits relies on the accurate 
estimation of carbon mass sequestered in the CRRP at any point in time. On the one hand, 
the carbon sequestered (in t/ha) in CRRP plantings before CO2 emissions was found to be 
low, but consistent with the results from previous studies. On the other hand, the 
cumulative amount of carbon sequestered as at June 1998 predicted by the economic sub-
model is 19% higher than the upper-bound estimates of cumulative carbon mass 
sequestered in CRRP plantings projected by Keenan et al. (2000) from primary data 
collected in June 1998. However, it appears premature to revise the growth function used 
in this study, based on only one point estimate because the plantations in 1998 had an 
average age of 2.3 years and the total carbon sequestered over 50 years is already low 
compared to other studies. 
17.5 Policy Implications for Private Forestry in Queensland 
The CRRP was the first program of its kind in Australia and spanned the years 1992-93 to 
1994-95. This program, unlikely to be repeated in the original form, was the focus of this 
thesis. In this original format, landholders did not have to contribute financially, had a 
wide choice of tree species to choose from and determined where the trees would be 
planted on their land. 
The analysis undertaken in this thesis demonstrates mat the program has already generated 
benefits, and these benefits will continue well after the CRRP ceases to exist. However, 
the net present value of this tree plantation program is only marginally positive when the 
benchmark discount rate of 7% is applied. This thesis suggests that a long term view of 
tree planting programs with environmental goals coupled with staged-harvesting 
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management would provide the economic returns that governments are seeking, including 
the creation of 20 full-time jobs per year when harvesting begins. Monitoring of the large 
range of tree species planted in over 400 plots of land across north Queensland will 
provide new knowledge, not only on tree growth rates on various soils and for various tree 
species, but also on how various mixtures of native and rainforest tree species perform 
together. The information gained may be used to gain competitive advantage in producing 
timbers that previously were thought to be unsuitable for growing in commercial 
plantations. 
The CRRP has provided a benchmark with which future tree plantation programs can be 
compared. The surveys of local government authorities and landholders provide important 
insights as how plantation forestry is perceived by LGAs and landholders. In the past, 
factors which have been advanced for landholders not engaging in forestry included 
establishment costs and taxation of timber income, and importantly the lack of choice of 
tree species and where on their land the planting should be located. Two additional 
constraining factors that emerge from the landholders survey are the lack of time and the 
lack of suitable land for forestry, that is, a short-supply of locations on their properties 
where the land has very low opportunity costs (e.g. land on steep slopes and riparian zones 
or which is degraded). Other factors such as the lack of knowledge on how to grow trees, 
low stumpage prices and high establishment costs, were factors identified in the landholder 
survey but were identical to the factors identified in other landholder surveys. 
The low stumpage price placed on timber is a major concern which the author believes is 
not due to a perception but to the reality. The issue of stumpage price must be approached 
wiui great care by people involved in promoting tree plantations as an income 'winner'. 
Stumpage prices may not increase to the extent that some authors forecast (forecast of 1% 
to 3% annual real price increase). With large plantations planned to offset carbon 
emissions - up to 1 Mha in Australia alone and similar if not larger plantations planned in 
many other countries - it is likely that the stumpage prices will rise only slightly, if at all. 
The policy recommendations to governments of most recent studies dealing with 
environmental issues focus strongly on the need for individuals to internalize 
environmental costs (the 'polluter-pays' principle} without a similar requirement to 
internalize environmental benefits. The 'polluter-pays' principle is generally translated in 
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practice into some forms of regulation with penalties against the offenders. This approach 
often generates cynicism amongst the community, being perceived as a revenue-raising 
exercise. Likewise, a portion of the economic benefits generated by individuals could be 
transferred to these individuals to provide greater incentives for tree planting. This could 
be achieved through water rates discounts and land rates discounts. Also tax rebates could 
be provided, for example, in the case of carbon (if carbon trading does not eventuate). The 
funding could come from the revenue raised from environmental fines, environmental 
levies or environmental taxes. 
17.6 Suggestions for Further Research 
This research has identified many gaps in knowledge which will have to be filled if 
economic evaluation of non-market benefits is required even for small reforestation 
programs. More empirical work is required by the scientific communify in estimating, for 
example, how water quality is affected by tree planting and the distance from a 
watercourse over which these benefits arise. While this would depend of the location, this 
example suggests that many empirical studies will have to be carried out before benefit 
transfer can be relied with a high degree of certainty. More empirical studies would 
provide stronger benchmarks to evaluate by how much a say, 10% improvement in water 
quality reduces water treatment costs. The benefit-transfer methodology adopted to 
estimate the savings on water treatment here is unsatisfactory to the extent that plantations, 
not necessarily planted on a riparian zone, may also affect water quality, for instance by 
arresting soil erosion and agricultural chemicals runoff. Therefore, the future benefits from 
reduced water treatment estimated in this thesis may be undervalued. This would 
undoubtedly be related to the terrain where the trees are planted. Specific studies for 
different terrains would therefore provide a database from which benefit transfer could be 
used directly for valuation. 
The growing importance of environmental values as an integrated element of economic 
analysis will make more demand on environmental scientists to provide the physical data 
with which social scientists can determine values required for valuing policy options and 
poUcy strategies to overcome environmental problems. The lack of physical data is the 
main impediment to obtain accurate economic values. For instance, revision of the 
estimates of carbon sequestration may be necessary if in another one or two years and 
further samplings, the gap of 19% found between the estimate of cumulative carbon 
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sequestered estimated in this study and the estimate empirically derived from samples by 
Keenan (1998) is not considerably reduced. The lack of scientific data restricted the use of 
alternative tree growth functions - based on tree height and tree diameter (dbh) - that 
would have provided better annual estimates. However, these alternative tree growth 
functions could nor be used because of a lack of data on tree height and dbh. 
Another aspect to this research which has come to the fore is that generally economic 
analysis that integrates environmental or economic values has been focused understandably 
on large projects, but for a few exceptions, the solutions to many environmental problems 
can only be found at a micro level. The valuation of non-market benefits of small-scale 
projects or programs can provide a platform from which many of those benefits could be 
internalized or at least reported in 'triple bottom line' accounting. An evaluation of future 
reforestation programs should consider identifying and evaluating the most important non-
wood benefits as a matter of course. This thesis provides an initial step in that direction. 
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Appendix A 
PROTECTED AREA CLASSES AND THE MANAGEMENT 
PRINCIPLES 
This outline is for guidance only, refer to ss. 16 - 26 of the Nature Conservation Act 1992 
(NCA) 
While particular focus in the table has been placed on use, die differences in relation to the 
management of natural and cultural resources should also be noted. 
Class of Outline of the management principles (ss. 16-26 of NCA) - and 
protected area comments on how these principles affect potential use (in italic 
type). 
Land tenure or 
protected tenure 
overlay area 
National park • managed to protect the area's scientific values, natural State land 
(scientific) processes and biological diversity and to provide for 
controlled scientific study, but allows for habitat 
manipulation and control of threatening processes to protect 
threatened species 
• there is no provision for commercial or recreational use or 
activities 
National parks • managed to provide to greatest possible extent for permanent 
preservation of the natural condition and to protect the 
cultural resources and values. (This is the cardinal principle 
and takes precedence). 
• also managed to present the cultural and natural resources 
and values 
• any use is to be ecologically sustainable and nature-based. 
("Nature-based" is defined in s. 7 of the Act to include 
scientific, educational, spiritual, intellectual, cultural and 
recreational uses). 
• there is no provision for any non-nature-based or 
exploitative use of resources except that: 
- s. 35 of the Act allows for a specific regulation to permit a 
'non-conforming' use, but only if the cardinal principle will 
be observed to the greatest possible extent, the use is in the 
public interest and ecologically sustainable and there is no 
reasonably practicable alternative. 
- ss. 36 and 37 allow for continuation of pre-existing uses 
under certain specified provisions 
. - s. 62 allows recreational fishing, subject to conditions in 
the Regulation, until the end of 1999. 
State land 
Conservation • cultural and natural resources and values and permanently State land 
Park conserve the natural condition to the greatest possible extent 
• any commercial use of the area's natural resources is to be 
ecologically sustainable (defined by s. 11 of the Act). 
• in effect, resource use must not threaten natural processes 
and resources used would be subject to viable natural 
replenishment Uses (dependent upon assessment and permit 
issued might include grazing, fishing, beekeeping, seed 
' collecting. 
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Appendix A (continued) 
Class of Outline of the management principles (ss. 16-26 of NCA) - and Land tenure or 
protected area comments on how these principles affect potential use (in italic tenure overlay 
type). 
Resource 
Reserve 
managed to recognise and protect if appropriate the area's 
cultural and natural resource provide for the controlled use 
of the area's cultural and natural resources, 
maintain the area in a predominantly natural condition, 
commercial forestry is not allowed 
may allow some non-sustainable use (eg. some mining). 
State land 
National Park 
(Aboriginal 
land) 
to be managed as a National Park but as far as practicable in Aboriginal land 
a way consistent with Aboriginal tradition. leased to the 
Crown, or 
leasehold land 
subleased to the 
Crown 
allowable use as for National Park - see above - except that 
there are no exceptions under ss. 35, 36,3 7 and 62 
National park 
(Torres Strait 
Islander land) 
to be managed as for a National Park but as far as 
practicable in a way consistent with Island custom. 
allowable use as for National Parl(- see above - except that 
there are no exceptions under ss. 35,~36, 37 and 62 of the 
Act. 
Torres Strait 
Islander land 
leased to the 
Crown, or 
leasehold land 
Subleased to the 
Crown 
Nature Refuge • managed to conserve significant natural resources, 
• provide for controlled use of natural resources, 
• provide for interests of landholders to be considered, 
• may allow some non-sustainable use. 
Coordinated 
Conservation 
Area 
• managed to conserve natural and cultural values through 
coordinated management, 
take account of values including recreational, educational 
and commercial values, 
provide for interests of landholders to be maintained. 
may allow some non-sustainable use. 
Not a land 
tenure, overlays 
the existing 
tenures 
Not a land 
tenure overlays 
the existing 
tenures. 
Involves more 
than one 
landholder. 
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Appendix A (continued) 
Class of Outline of the management principles (ss. 16-26 of NCA) - and Land tenure or 
protected area comments on how these tenure principles affect potential use (in overlay 
italic type). 
Wilderness • managed to protect or restore wilderness values and cultural Not a land 
Area and natural resources to greatest possible extent, preserve the tenure overlays 
capacity to evolve in the absence of significant human the existing 
interference, tenures 
provide opportunity for solitude and self-reliant recreational 
and spiritual activities, 
would only allow activities and uses consistent with 
protection or restoration of wilderness values. 
World • managed to meet international obligations, protect Not a land 
Heritage internationally outstanding cultural and natural resources and tenure overlays 
Management biodiversity and transmit the world heritage values to future the existing 
Area generations. tenures 
may allow uses which do not threaten biodiversity or world 
heritage values. 
International • managed to maintain area's importance to nature of 
Agreement significant international concern, and conserve wildlife 
Areas habitat 
Not a land 
tenure overlays 
the existing 
tenures 
provide for interests of landholders to be considered 
may allow uses which do not threaten the international 
importance to nature or the conservation of wildlife habitat 
Source: Department of Environment, 1996. 
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Appendix B 
THE WORLD HERITAGE PROPERTY CONSERVATION ACT 1983: 
AIMS, CRITERIA FOR LISTING AND DELISTING A PROPERTY 
1. Aims of the World Heritage Property Conservation Act 1983. 
The WHPC Act 1983, Article 4 s.3, requires 'The co-operation amongst nations to protect 
certain areas which are of such universal value that their conservation are of value to all 
people' (Wet Tropics Management Authority, p. 17). Furthermore, properties established 
under the World Heritage Convention will be conserved for all time. Member countries 
commit themselves to "ensuring the identification, protection, conservation, presentation 
and transmission to future generations of the cultural and natural heritage" (WHPC Act 
1983, schedule, s. 3.1 art. 2, p. 17). 
While the aims of the WHC seem clear, there are no guarantees that these aims can be 
achieved. The Act does not prohibit explicitly the exploitation of resources which 
traditionally have been sources of soil degradation or pollution. 
2. Criteria for World Heritage Listing of Properties 
To be considered for listing, a natural heritage area must fall within the following 
definition : 
'For the purpose of this Convention, the following shall be considered as 
"natural heritage"; 
• natural features consisting of physical and biological formations or groups 
of such formations, which are of outstanding universal value from the 
aesthetic or scientific point of view, 
• threatened species of animals and plants of outstanding universal value 
from the point of view of science or conservation; 
• natural sites or precisely delineated natural areas of outstanding universal 
value from the point of view of sciences, conservation or natural beauty' 
(WHPCAct 1983, schedule, s. 3. 1 and 2, p. 17).-
The World Heritage Committee in their 1984 guidelines refined further their definition by 
stating that natural properties nominated should: 
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(i) be outstanding examples representing the major stages of the Earth's 
evolutionary history; or 
(ii) be outstanding examples representing significant ongoing geological 
processes, commumties of plants and animals, landforms and marine areas 
and fresh water bodies; or 
(iii) contain superlative natural phenomena, formations or features, for 
instance, outstanding examples of the most important ecosystems, areas of 
exceptional natural beauty or exceptional combinations of natural and 
cultural elements: or 
(iv) contain the most important and significant natural habitats where 
threatened species of animals or plants of outstanding universal value from 
the point of view of science or conservation still survive (World Heritage 
Committee, 1984, pp. 8-9). 
Once an area has been listed, there is no guarantee that it will stay listed. If damages 
(human or natural) occur, the listing may be degraded to the World Heritage Endangered 
list to provide a signal of what has occurred or is occurring in that area. If nothing is done 
to restore the outstanding values, then the area is simply delisted. 
3. Delisting of a Property and Funding Arrangements 
Delisting seems, at first, a simple and easy price to pay if a government wants to develop a 
fisted area. Yet, delisting is unlikely firstly because public opinion worldwide would 
pressure domestic governments to intervene and secondly with deregistration financial 
assistance from the "World Heritage Fund" may be lost. The fund is established so that 
such a scenario does not occur. Financial assistance may take the following forms: 
'(a) studies concerning the artistic, scientific and technical problems raised by the 
protection, conservation, presentation and rehabilitation of the cultural and 
natural heritage, as defined in paragraph 2 and 4 of article 11 of this 
convention; 
(b) provision of experts, technicians and skilled labour to ensure that the approved 
work is correctly carried out; 
(c) training of staff and specialists at all levels in the field of identification, 
protection, conservation, presentation and rehabilitation of the cultural and 
natural heritage; 
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(d) low-interest or interest-free loans which might be repayable on a long term 
basis; 
(e) the granting, in exceptional cases and for special reasons, of non-repayable 
subsidies' (WHPC Act 1983, article 22, p. 23). 
However article 25 states that: 
As a general rule, only part of the cost of work necessary shall be bome by the 
international community. The contribution of the State benefiting from 
international assistance shall constitute a substantial share of the resources 
devoted to each programme or project, unless its resource do not permit this 
(WHPCAct 1983, art. 25, p. 23)' 
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Appendix C 
FARM FORESTRY PROGRAMS IN THE UNITED STATES 
Many projects in the United States are funded by both government and industry. The 
strategies to attract landholders to plant trees are varied. There are subsidies allocated to 
any plantings in some states (e.g. establishment costs subsidised up to USS 10,000 in 
Mississipi) or limited to a maximum area (e.g. reimbursements limited to the costs of 
establishing 100 acres in South Carolina) or a maximum reimbursement per acre without 
any maximum limits on area planted (e.g. a maximum reimbursement of US$75 per acre in 
Virginia). In Texas, there is a minimum area limit of 10 acres. In Florida, the limit for 
reimbursement is placed on the number of seedlings (up to 40,000). In Alabama, cost 
sharing arrangements allow for a maximum cost-share payment of US$3,500 per acre. In 
Table B-l, the sources of funding are varied and original. From mill tax, to interests 
received from oil leases and contributions from non-profit organisations. Landholders 
have to contribute financially and have in some programs to make* an outlay in advance 
which is then reimbursed. All the above forestry assistance arrangements have for their 
only objective to increase the commercial timber supply, except maybe the Alabama 
Agriculture and Conservation Development Commission Program (AACDP). The focus 
on monoculture demonstrated by these programs gives a perception to the public that all 
other tree species are not worth considering. Funding is provided only under the condition 
that the species chosen is on the list of the funding body. The danger is that many tree 
species may be brought to extinction, although they may be highly valuable for other 
human consumption. For example, the Pacific yew (Taxus brevifolia) is one of these 
species which has drawn the US policy makers and forest managers who discovered that 
taxol, a drug extracted from its bark, has the ability to slow or halt the growth of some 
forms of cancer. In 1980, 60,000 pounds of yew bark was processed from 4000 trees. In 
1991, the request by the National Cancer Institute was for 750,000 pounds (Wolf and 
Wormian, 1992). Previous to this discovery by Europeans, Northwest Indians knew its 
medicinal properties (Hartzell, 1991), but until 1980, it was treated as a weed. After the 
discovery of taxol, a lucrative black market of stolen yew bark was burgeoning threatening 
the tree of extinction (Wolf and Wortman, 1991). However, industry and private 
landholders did establish yew plantations. 
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Appendix D 
ARE STUMPAGE VALUES INCREASING OR DECREASING? 
Some confusion exists in the forestry literature where increasing stumpage values are 
concerned. The confusion is created by the use of real stumpage values and the use of relative 
real stumpage values to determine real stumpage increases in timber. This confusion would 
easily be avoided if the basket of goods against which the stumpage value is compared was 
made explicit. Real stumpage values rising or decreasing are determined by comparing the 
stumpage value against all goods and services less the general level of inflation. How relative 
stumpage values are calculated in Australia is made explicit by the RIRDC (1999). 
RTRDC (1999, p. 18) used historical data of weighted average stumpage values converted into 
separate indexes (base year 1987-88 = 100) for various log types in Tasmania divided by the 
weighted index of current prices received by farmers in Tasmania for total crops and 
livestock. The result is defined as the relative stumpage expressed as a percentage. 
McKillop, with many authors believes that forestry is different from any other investments 
because of uncertainty, long investment periods and fluctuating prices (McKillop, 1975, p 
216). McKillop believes in an ever-increasing price for softwood timber This belief is based 
on the assumption of continued decreased supply of timber while at the same time, there is a 
growing demand for timber. This belief is not supported on empirical grounds by Hyde and 
Newman (1991). The authors, after reviewing the literature on this topic, concluded that 
timber markets satisfy all neoclassical economic conditions. They report that "indeed the rate 
of drawdown of the capital stock corresponds to the broader economy's return on capital" 
(Hyde and Newman, 1991, p. 10). They draw on the empirical evidence of timber markets 
analysis from 1880 to 1979 by Berks (1979) and Johnson and Libecap (1980) in the United 
States to support their claim. Their results were an empirical rebuttal to claim uniqueness for 
forestry and of any suggestions to modify the interest rate or capital markets applicable to 
forestry. Furthermore, long-run price changes are bounded under reasonable demand 
expectations over time (Lyon, 1981). This is an important rebuttal to expectations of ever-
continuing relative stumpage price increases. An ever-continuing relative stumpage price 
leads to the absurd result that all investments will be directed to forestry (Hyde and Newman, 
1991, p. 11). The RIRDC (1999) using World Band data made projections of both timber 
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and agricultural prices to look at future trends in relative prices in the world market. The 
relative price was calculated 'by dividing projected timber price by agricultural commodity 
price and expressed as percentages' (RIRDC, 1999, p. 18). The projections derived from 
1990 to 1997 actual data (with 1990 being the base for the indices: 1990 = 100) revealed that 
relative price trend for timber in world market for the period 2000-2010 will be upwards and 
average 1.5% per year (RIRDC, 1999, p. 19). These projections do nor necessarily reflect the 
relative prices within Australia because of the way they were calculated. The 'timber' price is 
specified as a weighted index of prices in current US dollars for Malaysian and West African 
logs, South East Asian plywood, Malaysian and Ghanaian sawnwood and Swedish woodpulp. 
The agricultural prices are weighted indices of prices in current US dollars. 'Grains' price 
index is for the US grain sorghum and maize, Thai rice, and Canadian and US wheat Other 
foods price index-ts-for Australian and New Zealand beef, New Zealand lamb, the US and 
world sugar, Central and South American bananas, Mediterranean oranges and fishmeal of 
any origin (RIRDC, 1999, pp. 18-19). Furthermore, seven years of data is probably not 
sufficient to provide accurate projections. The relative real stumpage increases of 1.5% per 
annum are in sharp contrast with the 0.3% increase in real stumpage forecast by Sohngen et 
al. (1999). 
Finally, proponents of the ever-increasing real price school of thought do not account for the 
tree plantations being planted at present in Europe, the American continent, Asia as well as 
other Australian States and New Zealand. More importantly, this ignores the impact that 
carbon trading will have on plantation forestry if companies are able to claim credit for CO2 
in new forest plantations after 1990. Furthermore, the demand for timber is for softwood 
timber in the United States and for pulp worldwide. While pulp is increasing in price, it is 
still a low-value product which requires large tree plantations to ensure mills profitability. 
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Appendix E 
SURVEY QUESTIONAIRE TO THE LOCAL GOVERNMENT 
AUTHORITIES 
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CRC TREM UNIVERSITY OF QUEENSLAND 
Department of Economics 
COMMUNITY RAINFOREST REFORESTATION PROGRAM 
SHIRES SURVEY 
May 1995 
The purpose of this survey is to: 
(1) determine which economic benefits and costs are deemed most important to 
the Community Rainforest Reforestation Program (CRRP); and 
(2) provide answers to questions related to the importance of this program in 
your shire. 
It is important that the answers should reflect the view of your own shire, not 
personal views or views of other shires. 
I want to thank you for your time answering uiis survey. Results and their analysis will be 
made available to you. If you prefer the name of the shire to be kept confidential and 
yourself to stay anonymous, your wish will be respected. The overall results will, however, 
be published in my doctoral thesis and used in a more extensive survey of landholders 
participating in the CRRP. To ensure confidentiality the name of the shire will be replaced 
by a number. 
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The CRRP has four goals of equal importance. They are: 
1. developing a private plantation timber resource, 
2. arresting degradation of land following extensive inappropriate clearing, 
3. improving water quality in rivers and streams, and 
4. training a workforce to support rainforest plantation establishment 
(CRRP Management Committee, 1993). 
1. QUESTION 1 
With respect to the problems confronted in your shire, do you agree or disagree that the 
above goals are of equal importance ? (eg. some goals of the CRRP may not be an issue in 
your shire) (Tick the appropriate box) 
Yes • 
No • 
[If'Yes' go to question 3, if "No" please complete question 2 before answering question 3] 
2. QUESTION 2 
[Please complete only if answered "No" to question 1] 
If you have disagreed with question 1. Please rank the goals of the CRRP by order of 
importance to your shire (1 = highest, 4 = lowest) 
1. developing a private plantation timber resource, • 
2. arresting degradation of land following extensive inappropriate clearing, • 
3. improving water quality in rivers and streams, • 
4. training a workforce to support rainforest plantation establishment • 
3. QUESTION 3 
This program was initiated by the shires. Do you believe that the scheme, 2 years after its 
implementation is achieving the goals that you believe are important to your shire? 
Yes • No D 
4. QUESTION 4 
If you have answered "No" to question 3, can you list the factors which have impeded or 
retarded the outcome that you expected ? 
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5. QUESTION 5 
The CRRP is a unique forestry program in many ways. For instance, the CRRP has multi-
objectives, the trees planted are essentially rainforest species and the plantations are mixed 
species. Do you agree that rainforest mixed species plantations are the only way to achieve 
die stated objectives ? 
Yes • No D Unsure • 
[If your answer is "No", please go to question 6, otherwise go to question 7] 
6. QUESTION 6 
If you have answered "No" to question 5, do you believe that monocultural plantations or 
pine plantations would better achieve the priorities that you have listed in question 1 ? 
Yes • No D Unsure • 
7. QUESTION 7 
Queensland is currently importing timber from overseas and interstate, has World Heritage 
listing of the Wet Tropics affected the volume of timber logged in your shire ? 
Yes • No D Unsure • 
There was no logging in the area covered by WHL • 
8. QUESTION 8 
North-Queensland has been experiencing a substantial increase in tourism in the past 5 
years. Do you believe that the listing of the Wet Tropics to the World Heritage was: 
(a) a major factor for this increase • 
(b) a minor factor for the increase in tourism • 
(c) had no impact • 
(d) unsure D 
9. QUESTION 9 
If you have answered Yes to question 7 or/and (a) or (b) in question 8, how has World 
Heritage Listing specifically affected your shire and at what level has this impact been felt: 
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(Please circle and rank your answer by order of importance (eg. 1 the highest impact) 
(Circle) (Rank) 
1. The main source of timber was from native forest • 
2. The main source of timber was private • 
3. The main source of timber was from Queensland Forest Services 
plantations • 
4. Supply was provided from other shires but processing was in the shire • 
5. There was (is) a strong manufacturing and paper industry in the shire • 
6. Labour market relying on timber in the shire • 
7. Labour market relying on tourism • 
8. Community impacts (eg. social unrest caused by the listing) • 
9. Increase in tourism directly linked to the Listing • 
10. Others • 
10. QUESTION 10 
To the extent that World Heritage listing of the Wet tropics had negative impact(s) for your 
shire, do you believe the CRRP has softened these impacts ? 
Yes • No D Unsure • 
11 QUESTION 11 
What have been the effects, if any, of the CRRP in your shire? 
The following question relates to the market and non-market benefits of the CRRP. The 
list of benefits is relatively long but not exhaustive. An evaluation of these benefits is 
beyond the scope of funding of the current research project. However, it would be helpful 
to find out what you perceive as the most important social benefits of the scheme for your 
shire. 
A financial estimation of the 4 or 5 most important benefits across all the shires in the 
program will be assessed and used in a survey of landholders in the scheme and of 
community groups. 
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12 QUESTION 12 
Classification of benefits (1 is the most significant benefit) 
Benefits (tick first box and then rank ticked boxes in second box) 
(Tick) (Rank) 
Improvement of soil 
Improvement in water quality 
Reduction of bio-diversity loss 
Ecotourism 
Community cohesion through employment schemes 
Decreasing the greenhouse impact 
Decreasing costs of pollution and sedimentation in water 
streams (eg. anti-pollution devices not required) 
Fish revenue increase 
Increased land values and bank credit rating to landholders • 
Future decrease of timber imports 
(reducing the national deficit) 
Increase employement prospects in the shire 
Establishement of nurseries (large suppliers of seeds) 
Establishement of other businesses relying on timber 
products (eg. honey, medicinal remedies, mushrooms) • D 
Research benefits of the scheme (eg. forestry research in 
mixed plantations) 
Increased awareness of environmental issues 
Education of landholders in forestry 
Sustainable supply of timber for future generations 
Other benefits (Please specify) • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
D 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
D 
D 
• 
• 
• 
• 
• 
The following list relates to potential social costs of the CRRP and other factors which may 
impede success. Can you rank by order of importance the costs which may hinder the 
program's success? (1 has the highest detrimental impact) 
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13. QUESTION 13 
Costs of the CRRP program 
Costs of growing seedlings or acquiring them from private 
nurseries • 
Overhead costs of administering the CRRP • 
Salaries of QFS workers for time spent on program • 
Training costs of LEAP scheme workers • 
Forestry research costs directly associated with the program • 
Plantation becoming an habitat for feral animals (e.g. wild pig) • 
Taxation of income derived from timber sales • 
The following questions relate to the importance of the CRRP in the context of other 
forestry programs and to your views about the program. 
14 QUESTION 14 
Are there any other forestry programs implemented in your shire? 
Yes • No • Do not know • 
[If "Yes" go to question 15, otherwise go to question 17] 
15 QUESTION 15 
If you have answered "Yes" to question 14, can you name them? 
16 QUESTION 16 
In your view, is the CRRP complementary to existing reforestation schemes or a 
replacement to diem? 
Complementary D 
Replacement • 
17 QUESTION 17 
Should the concept of a program which involves mixed rainforest species be encouraged or 
discouraged in favour of pine, Eucalypt or other monocultural tree plantations? 
Encouraged • 
Discouraged in favour of monocultural plantations • 
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18 QUESTION 18 
Do you believe that the scheme will be successful in encouraging landholders to plant 
rainforest species if they have to share some of the costs? 
Yes • No D Unsure D 
19 QUESTION 19 
Should the scheme stay in its present form? 
Yes • No D Unsure • 
[If "No" please go to question 20, otherwise go to question 21] 
20 QUESTION 20 
If you have answered "No" to question 19, could you list which modifications you would 
like to see occirrring? 
The last two questions relate to property rights over the trees planted under the CRRP. 
These rights seem to be unclear at present. Would you be able to provide your views on 
mis issue? 
21 QUESTION 21 
To what extent can you guaranteed mat the plantations will be logged by the landholders if 
they wish to do so at maturity and not become protected areas if some protected flora and 
fauna happen to strive in the mixed rainforest plantation? 
22. QUESTION 22 
One of the goal of the CRRP is to establish a timber supply. Is there a legal arrangement to 
enforce this goal if a substantial number of landholders decide to preserve for posterity the 
plantations and not logged at maturity ? 
Yes D No D 
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Appendix F 
RESPONSES TO LANDHOLDERS QUESTIONNAIRE 
LANDHOLDERS ATTITUDE SURVEY IN NORTH QUEENSLAND: 
LANDHOLDERS PERCEPTIONS OF BENEFITS AND COSTS OF PLANTING 
RAINFOREST TREE SPECIES IN THE QUEENSLAND WET TROPICS 
SEPTEMBER 1996 
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Question 1. Do you or your family live on this property? (n = 48) 
Table F-l 
Number of landholders living on property sorted by local government 
aumorities and year of planting 
Local government 
authorities 
Number of landholders 
living on property 
Year of planting 
1992-93 1993-94 1994-95 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
I 
3 
1 
7 
3 
7 
2 
4 
2 
3 
2 
2 
2 
2 
1 
1 
1 
2 
6 
1 
3 
1 
1 
Live on property 
Sample size 
Proportion living on 
properties (%) 
41 
48 
85.42 
10 
10 
100 
16 
20 
80 
15 
18 
83.3 
Question 2. How long have you lived on this property ? (n = 44) 
Table F-2 
Mean period of residence of respondents sorted by local government 
authorities and year of planting 
LGAs 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
Mean period of 
residency (year) 
Mean Period of 
residence 
(year) 
6.0 
9.0 
5.0 
14.2 
14.5 
47.1 
9.0 
11.0 
29.5 
14.3 
1.6 
14.0 
16.0 
37.0 
18.8 
1992-93 
20 
40 
15 
63 
15 
59 
21.2 
Year of planting 
1993-94 
6 
1 
10 
13 
267 
3 
32 
18 
8 
21.0 
1994-95 
6 
47 
28.5 
15 
8 
25 
5 
20 
32 
74 
15.3 
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Question 13: How did you become aware of the CRRP? (Please circle the appropriate 
answer) (n=48) 
Table F-6 
Method by which landholders became aware of the CRRP and subsequently planted trees 
within the program 
LGAs 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave/cairns 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
Total of responses 
Proportion of response for 
each mode (%) 
Number of 
responses 
3 
3 
2 
8 
3 
7 
2 
5 
2 
3 
3 
2 
3 
2 
48 
a 
1 
1 
1 
0.5 
0.5 
0.5 
4.5 
9.38 
b 
0.5 
2 
4 
1 
1.5 
2 
1 
12 
25.00 
Mode of awareness 
c 
0.5 
1 
3 
2 
1.5 
1 
1 
1.5 
1 
12.5 
26.04 
d 
0 
0.00 
e 
1 
1 
2.08 
f 
1.5 
1 
4 
1 
1 
1 
0.5 
0.5 
1 
0.5 
1 
1 
14 
29.17 
g 
1 
2 
1 
4 
8.23 
a. By letter from the CRRP 
b. By personal visit from an official of the DPI - Forest Services 
c. By word of mouth (eg. someone already involved in the program) 
d. Television 
e. Radio 
f. Local newspapers 
g. Others (please specify) 
Some respondents provided more than one response (e.g. letter and visit). In these cases, their answers was 
allocated equally between the two modes of media. 
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Table F-8 
Area planted by respondents in each local government authority and as a proportion of total 
CRRP planting in each local government authority. 
LGAs 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave 
Thuringowa 
Cook 
Sub-Total 1 
Mackay 
Mirani 
Sarina 
Whitsunday 
Sub-Total 2 
Total (1) +(2) 
CRJRP total area 
planted (ha) 
106.65 
97.69 
36.30 
180.46 
112.15 
147.7 
116.86 
74.59 
62.59 
4.00 
20.13 
959.12 
15.17 
18.24 
6.22 
9.45 
49.18 
1,008.20 
Area planted by respondents 
(ha) 
17.97 
24.00 
5.50 
21.00 
8.00 
19.80 
5.00 
22.00 
8.20 
0.00 
18.00 
149.57 
11.00 
4.80 
5.00 
6.00 
26.80 
176.37 
Proportion 
planted by 
respondents 
(%) 
16.85 
24.57 
15.15 
11.64 
7.13 
13.41 
4.28 
29.49 
13.26 
0.00 
89.42 
15.59 
72.51 
26.17 
80.39 
63.49 
54.49 
17.49 
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Question 17 (a):- Do you believe that planting has increased (or will increase) the value of 
your property ? YES/NO; 
(b) - If you have answered "YES" in Question 17a, by how much ? 
Table F-9a 
Number of respondents agreeing that tree planting will increase the value of their 
property (n = 48) 
LGAs Total number of respondents who agree 
1992-93 to 1994-95 1992-93 1993-94 1994-95 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave/cairns 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
3 
2 
1 
5 
3 
6 
2 
T J 
1 
2 
2 
2 
1 
-i 
1 
2 
1 
1 
1 
1 
1 
1 
2 
5 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
Total 35 16 12 
Proportion by year of planting (%) 100 20 46 
Out of 35 responses, seven respondents (21.9%) believe there would not be any impacts on 
the value of their property. 
Table F-9b 
Expected increase in dollar value (%) of properties by respondents who 
answered "Yes" to Question 17a 
LGAs No 
answer 
Expected increase in value (%) 
0-2 2 - 5 5 - 1 0 >10 
Atherton 
Cardwell 
Douglas 
Eacham 
Herberton 
Hinchinbrook 
Johnstone 
Mareeba 
Mulgrave/cairns 
Cook 
Mackay 
Mirani 
Sarina 
Whitsunday 
Number of respondents 
Proportion of respondents (%) 8.5 
7 
20.0 
1 
12 
34.28 
1 
9 
25.71 
2 
5.71 
2 
5.71 
382 
o 
z 
GO 
> 
u. 
cu 
£ CO 
r^ 
CO 
CU 
CO 
ro
pr
i 
ap
p 
0> 
•—* p 
._. 
u 
-—' 
o-
CU 
o 
r-• 
CC 
U> 
O 
D. 
r^ 
• — 
co 
_ j 
cr 
CU 
C J -
O 
CU 
CCS 
ST 
Pi 
Cd 
u o> 
r—' 
"*—' c^_ 
O 
CO 
CO 
o 
III
"
 
g 
,o 
~— 1) 
1 3 
co 
• — • 
E3 
"O 
CO 
5 
o 
o 
o 
ET 
CN 
o 
CO 
CT 
M 
r^ 
" L* 
CU 
£ CO 
CO 
«U 
J - . 
o v t ; 
cu 
CON 
r^ 
5 
CO 
cU 
_ J 
cr 
CU 
<u 
Cu. 
£ 
o 
o 
CU 
CO 
CO 
CU 
a . 
£ 
o 
z 
<4_l 
o" 
<N 
r^ 
o 
CO 
CU 
_ j 
c_v 
o 
o OO 
"co 
CU 
> 
'- , 
CU 
C J 
c— 
CC 
. o 
Cu 
c*-. 
O 
S - 4 
CU 
- 7 3 
0 
>» X> 
PL, 
C ^ 
0 
CU 
J^ 
4—* 
C + - , 
0 
CO 
cd 
0 
GO 
cu 
Xi 
CO 
i— 
SD 
co 
CCS 
_CU 
CL, 
OO 
.— 
r^ 
O 
CO 
cU 
cr 
0 
.*—» 
«. 
0 
? 
CU 
CU 
CO 
CO 
* — 
_ > N 
r^ 
O 
CU 
JU 
CU 
c -
r^ 
O 
U 
CU 
CO 
ca 
cu 
, ~ v 
CO 
0 
5 0 
II 
^r 
C/J 
CJ 
— 
II 
a - a, -
CO 
cu 
CO 
cu 
0 
1 
Du, 
cu 
J D 
co 
H 
CO 
0 
_o 
> N 
JD 
- a • 
<U 
"C-
0 
CO 
__« cO 
0 
0 0 
,c 
0 
cO 
CU 
0 
•*-* XI 
0 
cO 
-*—» •4—» 
cO 
> N 
cu 
-c • "—• 
DO 
C 
N^ 
C 
cO j - . 
cu DO 
•s .s 
-*—• 12 c c: co 
c O — • 
P , 
c ° CO u. 
0 , ^ 
c -a 
.5 c 
CO 
5 >N 
— J • * — ' 
cr "C 
cu 0 
<*-, J C ; 
0 t ^ 
- J 
• ^ CO 
O 
«= c 
cu <u 
cO C 
r^ 
P i £-
2 w ^71 >. 
ai 0 ( J DO 
a a 
o 
co 
ca 
o 
QO 
CU 
-a 
o 
o 
o 
XX 
CU 
T3 
-a 
c 
cO 
CO 
ca 
O 
0 0 
c*-. 
O 
0 0 
C 
J * 
c 
ca 
c - i 
c*^ 
0 
E 
3 
0 0 
ao 
c 
c; 
ca 
"5. u_ 
0 
t _ 
ca 
CD 
> 
£ 
- 0 
0 
_ D 
ca 
v n 
C3N 
•cr 
as 
CN 
•VT 
CN 
m 
CN 
CN 
m 
CN 
CS 
CN 
CN 
e i u 
0 0 
CU C3 
r- «— 
_ O 
ca Cu 
r- r-J—• t—' 
CD r-
> .= !i — 
— ca 
u — 
J=> c r 
0 u 
"f I CO ^ J 
r* ca CD 
"O c 
— ca 
O 0 
a . on 
t/i 
CD 
r*S 
< 
a 
_ 1 
m C^N 
r o 
c/"i t— c o CN 
(-» v o CN 
CNi r o r o 
m v o m 
CN 
CO 
<-r» 
• O 
—; 
0 
CO 
r^  
VO 
1 0 
CN 
•cj- >o 
CN 
CN CO 
m 
C O C O 
C N — • 
c o n c o m ' - ^ ^ - ' m — « 
<N r o ^ i 
C O 
ro 
O 
1 0 
r o 
r o 
1 0 
r~; —. 
CO 
CN 
•<a- — C N — r o 
CN CN — 
r o —• CN — 
CN — — 
• N M O c f r i c r - CN CN — O — — 
el
l 
5 
-a 
ca 
CJ 
CO 
"3> 
0 
a 
r^ 
3 
r^  
U 
ca 
O ! 
5 
CD 
JP 
s 
c^ 
j ^ : 
0 
0 
JD 
*—' 0 
cc 
nr ^ -? o 
= » - ^ •* ca 
— o y 2 
s 5 S S u 2 S w J 
o 
c 
o : 
sa 
c 
u. 
CO 
CD 
» — . O 
CU 
ca 
u . 
CU 
O 
L. 
Cu 
Cu 
ca 
C 
cu 
> 
CO 
C 
cU 
X 
CU 
£30 
C 
'5 0 
0 
ut! 
-a 
c 
en 
c*_ 
O 
c 
0 
' r~? 
ad
a 
00 
cu 
T3 
£>0 
*— C 
cu 
JC 
CO 
J 5 
ca 
CO 
u 
G 
O 
*-» ca 
4—. 
c 
ca 
-r^ 
C U . 
4 - < 
CO 
u 
u. . 0 
c^. 
'~ 
ra 
C-. 
u. 0 
a. Cu 
_ J 
CO 
O 
• * - 1 
<D 
O 
u . 
kf
o 
0 
5 
ca 
t o 
c 
J O -a 
CU 
p 
- J 
0 
C O 
CD 
u . CU 
X ) 
r-
C 
O 
' ; - " ? 
ca 
r-
CO 
Cu 
cu 
ra 
> 
u . 
Cu 
ca 
SO 
r^  
lo
p 
a j 
> u 
-a 
co" 
r-
r^ 
S3 
1> 
CO 
- 0 
r^ 
3 
C O 
CD 
> c— 
r^ 
>> 
; jn 
ca 
c r 
CD 
ca 
3= 
=0 
c 
o
v
i 
Cu 
f-
.— 
ca o 
Cu, 
cu 
C3 
O 
O 
383 
O 
z 
oo 
W 
>-
o-
(U 
£ CO 
<U /—^ 
o <u 
co J : 
CU CO 
XI c 
•a 
u 
c o 
o CU 
> 
%'0 
^2 
O ro 
C Cu 
'-C: > 
^ J CO 
C, — 
C< ° 
u 
CO 
o o 
II II 
o o 
o 
Z 
vVO 
cu 
> N 
c — 
CN C N 
c — 
o .o 
CU W 
>* ? 
2 -5. 
o 2 
(U - ^ 
' C J "^> 
u « 
cu > 
co o 
CU — 
CU CO 
J= >N 
CU " P 
£ 5 
CU " O 
CO CO 
o jn 
o ^ 
x : — 
o <*-• 
£ a, 
c o< 
o at 
•~o 
o <u 
cu ~ ~ E ,CU 
o 
z 
oo 
5: r 
co 
o 
cu — 
a . 
o 
o 
CD S O 
o 
CU 
Cu 
o "' 
o cu 
o > 
o £ 
* cr: 
CD t - t -
c _ O 
o CU 
CU 3 
° 5 
o fc 
r— 
C CO 
ca _ o 
t ie 
JD 
c 
CU 
£ 
c 
!_ 
CU 
> 
o 
0 0 
"cO 
o 
> N 
X) 
CU 
J O 
CO 
cO 
> 
CO 
c 
<u 
cu 
o 
c 
- a 
CO 
o 
CO 
CU 
co 
CU 
CU 00 
in c 
3 "2L 
O '*-
JC o 
O i _ 
C _ CO 
o « 
.2 ? 
cu -C 
-S o 
C co 
CU 
> 
CU 
CU 
E 
cu 
r-
O 
co 
- a 
cu 
'5 
cu 
> 
CO 
c 
O 
CO 
cU 
• J 
ca 
u 
vo 
CN 
CN 
CN 
-3-
CN 
I 
ro 
CN 
CN 
CO 
CN 
I 
CN 
ON 
CN 
£ "a 13 -H 
CD ~ — CJ 
T 3 ?; c u 
" O a a 
2 £ "5. M 
=§ 2 « > 
' " " • * ^ > • , 
5 g a 
ca 
vo 
CN 
•CT 
C N 
•cj-
CN 
CO 
CN 
CN 
r o 
CN 
CN 
CN 
CN 
o B ^ l l 
— — — o 
— CN 
^T —• CN 
CN CN O —' CN 
— o 
CN 
r o 
C \ 
r o 
O — — 
^ ( N - ' f r l c r - n - r l f N O ^ ^ o o 
CN 
o 
Cu 
CO 
CO 
cu 
<U 
Xi 
•a 
c 
CO 
o 
> N 
c 
CO 
o 
Cu 
— — a — — 
O O CN o N O CN 
Z J2 
O ca 
* "5. 
O CD 
-a > 
£ 2 
o 
o 
y a. 
o 
X 
CD 
> 
•"3-
C N 
CN 
o 
1> 
. O 
• J 
z 
CN 
CN 
CN 
—' 
o 
CO 
CD 
^ O 
"5 
ha
ve
 
-a 
ou
l 
? 
CD 
ed
 
t 
o 
CD 
r— 
CD 
sc
l 
— — o 
O O CN rN —. r-] 
•cr 
O 
CN 
^ 1 CN 
CU 
o 
o 
Cu 
cu 
- a 
CO 
CC 
< c 
- 1 
—i — CN cr-. rN O.J O o-t 
'•o - - J i - - ~ 'A 
ca r- . — w —' 
o 
3 
O 
CN 
O l 
5 * -3) 3 
•*= - o u --
< U Q 2 = n2un«> — I cu 
a 
384 
o 
CN 
^f — r~ —• CN vc NJ- n c t o o oo co T co 
rN — oo 
r o — OO — CN —. l O - O - v o N O C N C N V O — r ~ - c o r - ^ j - v o c o r o 
r - T O CN oo 
—• CN ON — CN — ' O O CO CN r o v o r o O v o r - r N O 
oo — CN OO O OO CN 
r o VO 
CU 
ai 
r V 
CJ 
CU 
p~ CN r- ro CN 
O 
CO 
ml 
CU 
r^ 
CU 
X> 
CN
 u 
" T "cO 
U* > 
cu »-
—' Cu 
£ ° 
0 0 
J4 
CO 
CU 
"o 
r-; 
-a 
CO 
> 
a! 
^ j - u-. — — O P ~ CN V O O CO CN CM 
r> p- so co vo OO CC V O CO 
V O —• "CT 
C N OO "VT CO 
O OO 
O 'CT VO T VO — 
CN TT C — T 
r- c 
• O - c J - C N —• C CN r~ OO r— C N 
O O - O - C N — <a- —• ro r o vo ro co oc [— ro — -ct NO co CN 
OO CN r o r— — ^ c f r l - N ( N - - O ^ O C r l — — 0C 
<: 
o 
NO » 0 r o — VC — CN CO 
_ * j>: j * j * -JC: 
c o c c c 
c c c o c 
C C C — "— — i — 1 — 
C-« — C •—• — ' — c / l c O r - C * - * r - r - t — f r - V J C J W ^ ^ ^ , , — 
o o c u u " " c a c a b b c C c E g t t ; t : t : . = . 5 . r : . = .r: 
CD u u - b - a - c 2 P S ) J = - C J = J = J = J = ; J C ; X : J O J C I J D o u o o u 
~ ~ ~ ( r t c a c a ° O c G c a c a c a c a c a c a c a 4 > u a > ' — — — •—- — 
385 
13 
CU 
c 
o 
o 
u. 
cu 
CO 
p_ 
U 
CU 
.*—» 
o 
<u 
c 
CU 
x> 
CO 
> 
CN Cu 
0 0 
C 
C 
CO 
CU 
12 
o 
-a 
CO 
ca 
CN 
CO 
CN VO 2 ""> —. r o >o 
° ~ - r ~ — ' C N o o — r - v o cv r - o a ; 
r— ON CN ON C N vo — _^ o 
•VT r o oo 2 —• <o T T v o c v vo oo-^r -ST .Z co 
CO _ o _ o 
n c o Nf vo —« CN - ^ r— c o oo ^ l~- — CN 
co oo r - co •—« 
o
 — 
ro C\ ro 
— ^ 
CO _ 
a 
u 
CD 
_ o 
— ^ r v o o o o o 2 < ^ c N r~ — v o c o r o ^ NO r- >o 
oo CN c\ r- c^r o 
CN ro r- „ CN CN 
oo — vo ~ — ro ro 
CN -3-
a- - u-i co DO oo vc 
oo vo 2 °° 2 — i r o CN — C N r O ' C r ^ c O 
< 
^ r — ^a- i o vo -— ^ r co r - - ^ 
r o —< vo r - •— ^ o r - NO CN CN co r - — CN — 
CN — oo 2 vo -a- r o — — vO 
v o Cv r o CN -^r r o 
CC r o vO CN CN — ' 
o o 
p c 
_5 J3 5 
J3 J3 
cj o 
a c 
IS s 
CD CD 
S C 
O O 
CO CO 
-§ J= 
O O 
CD 
ca ca ca ca ca >. j o x> J O j o 
CD O O CD 
CD O CD CD 
»-i C-i k* w 
ca ca ca ca 
S 2 S S 
CD 
> 
> ^ >N > -
^ ca ca 
— "O - S 
> > ^ >N 
CI w ca ca ca 
3 3 g 8 § « « « • " • =
 S t^ 
2 r; ffl S
 w u) {/) 
' " 12 12 
386 
• a " 
in
ue
 
*—» 
O 
O 
(N 
'—' 
P H 
<u 
3 ca H 
<D 
be
n 
CD 
C3 
> 
o, 
« * - . 
o 
00 
0 
ca 
i i 
— 
CO 
l _ 
CD 
•a 
ca 
TJ- ~ - C I W"> -*3-
t N N — —< 
•>j- — <s\ r~ c i 
CN —• — 
r~ vo m CN CN 
v» o -st- m vo 
m m c i c\i 
m cN m r*-> CN 
•<d~ - ^ co *o c"i 
i^ \o *o r^ m 
0 \ >o i n r*~l 
c-> <-o -*r CN CN 
—i CN n T >o 
co &o oo oo oo 
o 
c c c c c 
u u u u u 
m 
r-
*—• 
vo 
o 
CN 
T 
o CM 
o\ 
o 
O 
C I 
TT 
r-
r-
->T 
oo 
^r 
v-> 
7.6
 
— • 
i n 
o 
• ^ 
m 
r^ 
oo 
CN 
• * 
'—* r~ 
m 
__ 
0.9
 
-a-
<n 
•^r 
>n 
•sr 
o 
•E 
ca 
a, 
c 
ca 
CO 
C 
O 
CD 
C+-1 
O 
i— 
CD 
JO 
s 
CD 
c 
CD 
. O 
l ^ 
ca 
a 
'£ 
ca 
Q , 
ca 
£ -5 S 
er
s 
J2 
o 
n
dh
 
by
 
la 
CO 
ki
ng
 
C 
ca 
I * CD 
-G 
O 
e 
su
m
 
to
 
th
 
fe
rs 
CD 
—^\ 
cn 
^~s 
CD 
l - i 
O 
o 
cn 
£ 
CD 
CD 
J O 
3 
o 
ca 
cu 
>> 
fo
r 
an
 
*a (D 
ca 
^—i 
CO 
tio
ns
 
c <D 
S 
o 
1-1 
CD 
n
u
m
b 
to
 
th
e 
sf
er
s 
(M
)n
 
CO 
C 
O 
G 
CD 
J O 
CD 
l - i 
O 
o 
CO CD 
r - ; 
00 
£3 
v
id
i 
•a 
>, J O 
•a 
CD 
ai
n 
e i 
o 
CO 
m
ea
n 
CD 
.c H -
4—1 
en
ef
i 
J O 
ac
h 
CD 
c *_ 
O 
00 
c 
n
ki
 
ea
n 
ra
 
r-1 
c 
<D 
J O 
to
t 
CO 
<D 
£; CD 
!-< c 
ca 
CD 
SS 
« 
o 
- a 
G O 
O 
CD 
CO 
•4—1 
fir
s 
•a 
CD v ; 
r ^ 
5 
r -« 133 
j o 
CO 
ca 
f - ; 
en
ef
it 
J O 
l - c 
ca 
o 
pa
rt 
ca 
m
es
 
<-_ 
o 
CD qui 
th
e 
n
u 
er
 
to
 
a> 
i _ 
CO 
CO 
r^ 
«-• o 
0)
 C 
G CD 
CD s^< 
JO ^ 
l/~) 
CO 
o 
• * — * 
CO 
f— 
r— 
o 
cG 
CD 
r-* 
CD 
J2> 
ca 
CO 
(— 
an
ki
i 
u. 
io
ns
 
en
t 
r -
r-" 
c*_ 
o 
1— 
<D 
n
u
m
b 
to
ta
l 
CD 
O 
C/5 
<D 
re
f 
CO 
CO 
r—* 
o 
I—' 131 
c 
V -
o 
CD quit 
• — • 
ca 
o 
<* - i 
o 
CD 
00 
ca 
en
t 
o 
CD 
T 3 
:s
se
 
U J 
ex
pr
 
VO 
CO 
CO 
r— 
tio
: 
r~> 
o
fi 
pr
op
or
tio
n 
CD 
o 
4—> 
C/3 
03 
re
f 
CO 
387 
o _ 
•co- -a- CN 
r— vo co co ro -cr ro 
co 
CD 
CO OO V r n — NO VO 
o o o o 
v o r - - r o —« ro v o v o r o r o C N c o — CN CN — 00 (-- oo CN 
VO ~- — — ON — •co- -cr co CN -cr r O C \ v o r o — ^ - r o 
CD 
c 
CD 
JO 
CN CN f-~ r o —• -cj- CN r- — i o v o r - ~ o c o r ~ I N cr so o 
ro. 
o 
oo 
— — C N V O ^ - r ^ — r O T T V O V O T — " ( N v O N O r ^ — CN — CO — 
CD 
o 
C3 
3 
C/5 
< 
a 
C N C N c o — v o —• O r o 0 0 CO v o r o v o f-~ 
oo o >o r~ 
r O CO VO ON ~-« CN — ' C N 
TT o o CN CN —' — — 
OO CO O VO 
^r r-~ r~ -cr CN co n cr 
[^ C N CO 
O vo r-
O r o v o 
—' r o CO O N CN •—' r ^ r o — 
— r o CO — CO 
C N C N C O C N N O r O O O C O O O C O 
— ' -— — CN — ' CN CN ro CO CN -cr CN co 
•O NO co 
VO CO CO CO CO CO r ^ - C O O O C O C O C O V O V O C O V O C O C O l O c O N O c o c o c O 
CO CO CO VO —< CO V O C N C O C O C O V O C O C O C O C O C O C O N O C O - ^ T C 
c 
O 
3 
r^ 
o 
CD 
r^ 
o 
CD 
^z V 
£ 
-a 
• * 
CD 
? 
-o 
' 1) 
i 
-a 
ca ca c 
OO S t S ca J = 
o 
ca 
JS 
c 
o 
cu 
JO 
o 
O 
o o 
o c 
o JO JO JO 
O s 
? ? 
JO JE 
c = 
j « : _ * 
o o 
O O 
CD JZ 
JO o 
— w _ . c a c a c a C o c a n J t a t a c o c o < n c D 
< ; < ; < C J U U D Q I ! J W W U J U I W W J : 
o o o 
x re — a: n: 
588 
CO 
cu 
3 
cO 
s—*\ 
•a CU 
3 
r^ 
O 
CJ 
CO 
. — i 
1 
UJ- . 
JH 
X) 
CO 
H 
CU 
> 
o 00 
t 
CO 
o o 
•a 
CO 
CO 
s 
-a 
o i - ; 
-a j-J 
CO 
>> 
x> 
CO 
G 
CU 
X) 
o 
o 
o 
00 
(-» 
r^ 
CO 
Pi 
r-~ vo — r~ CN CA I N — cr r- N - • n ^ " i co 
r~ r-~ co vo -^r - 2 ° ° 2 ^ c v 2 ^ c o 2 
C\ CO — CO -- CO ^ CA — CO CO CN ro r- CN —< .— CN CT 
CN CN cr CN „ vo <"- — OO CO TT oo r- CN oo 
— ro — — CN r> cr co — C N — r- v o o o v o v o r~ 
r o 2 o ° — ' 2 2 0 0 ° 0 v o — v o CN v o O N C O V O r — c r C N r o 
CN CN — ' ON oo ro vo — co ~ 
•cr vo ON — r — v o r o r — cr -—• vo cr ~^ cr ^ cr *o NO c-- — vo 
co — — vo cr •—• — cr ro — — vo c N v o r o — ror---
vo ro 
CO VO CO 
c o c o v o 
ro oo vo CN — —' CN 2 — r- 2 c r r o C N N T CN 
v o CO v o vo. o c o O 
CO CO CO vo, — CO —' 
CO 
c 
CO VO 
VO vo 
S c J 2 J = 
o o 
u 
c ca 
O JO 
— CD 
u 
ca 
JO 
m 
CD 
a 
> 
ca 
CJ 
CD 
> 
ca 
ca ca ca ca 
CD — c-i ca ca 
CD M so J C j c jc: J< J< 
c a 3 - 5 g g g c a c a „ ._ 
CO v o v o CO v o v o — ' V O 
C O C O V O V O V O V O C O V O 
^ >N > > 
ca ca ca 
- a - a - a 
C C C 
3 3 3 2 H "H « ^ 
r\ ca ca -. — • . « . _ . i ^ 
,b . = : ' • - . - J = JS J 3 
ca ca ->. -> *-> 
00 OO > > > 
CS 
389 
• - ^ 
-a 
u ZJ 
c 
£ 
O 
U 
m 
JU 
X I 
CO 
H 
<D 
•a 
o r-; 
-a G 
cO 
—* 
>, 
~o 
CO 
*—» CG 
5 X ! 
ial
 
o 
o 
CO 
c<_ 
O 
00 
r^ 
v^ 
G 
CO 
C* 
be
ne
fit
s 
So
ci
al
 
cr 
co 
CN 
~ 
o 
ON 
oo 
r-
vo 
CO 
cr 
ro 
CN 
—' 
CN 
vo 
cr 
16
7 
CO 
ON 
17
0 
17
7 
14
7 
24
0 
17
9 
19
5 
12
6 
22
2 
17
6 
(S) 
Sc
or
e 
6.
08
 
5.
33
 
4.
93
 
5.
39
 
ro 
cr 
c o 
4.
59
 
4.
78
 
3.
77
 
6.
15
 
6.
63
 
4.
88
 
3.
50
 
6.
00
 
4.
51
 
Sc
or
e 
M
ea
n
 
r o 
ro 
co 
ro 
vo 
r o 
r O 
C~-
ro 
ON 
ro 
CN 
ro 
r— 
CN 
CO 
cr 
NO 
ro 
r o 
ON 
CO 
o
n
s 
(M
) 
M
en
ti 
—• — CN 
— CO CN CO 
cr ro —• cr CN 2, 
ro cr co —• -or J_ 
r^ CN vo vo ro 
<N oo — -<cr CN __ 
cr CN ro CN 
CN —• cr 
vo CN cr oo cr 
ro vo ro CN 
co CN cr vo •_ 
oo r- vo ro CN 
0 0 0 0 0 0 0 0 0 0 
co co -s> co co C d cz cc c 
o o o g o 
c "5 c c c 
CD CD CD CD CD 
2 2 2 s s 
cr 
o 
Ov 
cr 
r~ 
CN 
CN 
r-
ro 
CN 
CN 
CO 
cr CN 
r~ CN 
r^ 
C O 
CN 
w* 
oo 
o 
*-* 
cn 
ca 
O 
H 
* • — " 
vo 
CO 
5^ 
C>c r-
c~ 
o" 
r o 
N? o ^ 
O 
o 
o 
N ° 
o ^ 
o 
o 
o* 
vo 
^ 
o ^ VO
CO 
cr 
N? 
ON r— 
cr 
co 
cr 
N? 
VO 
cr 
CN 
CO 
N? 
v o 
CN 
CO 
cr 
S? 
r^  ON 
oo 
C O 
£ 
r-
c-~ 
O 
ro 
S5 
cr 
o 
r--' CO 
iS 
o 
o 
CO 
VO 
s? 
o CO 
v o 
r~ 
s? 
CO 
CN 
V O 
cr 
>? 
o 
cr 
vo 
< — • . 
i? 
• — 
r-
00 
cT 
O 
IG; 
(U 
r^ ' 
O J I 
21 
o i 
co ; 
I! 
c 
o 
X 
•p 
c 
o 
c 
'—' co 
J S VU 
U 3 
L« CO 
ca co 
CD '"" 
CD ca 
h E 
. c 
O 0 CD 
v i o 
CD co 
r - co 
C CD 
CD C 
JS U 
Jo I S/l 
^ ca G 
fit
s 
u 
c 
CD 
JO 
r— D.1 
ca 
D 
Re
s 
E 
i— 
c 
o CJ 
-a CD 
CO 
CO 
CD 
In
a
 
CO 
« > 
Si5 
c .e 
— JO 
^ u_, 
•_-. o 
2 c £•§. 
•— o 
« "S 
CD 
c 
o 
* Z J 
ca 
op 
io
d 
m
i 
CJ 
CD 
CJ 
C 
ca 
c CD 
C 
ad
 
m
a 
o 
CO 
03 
CD 
J = 
C i . 
O 
ta
tio
n 
*~* fj_ (v; oo i 
OO CN 2 — ^ — ^ 
1) 
r-
V I 
"
— 
CJ 
a. v> 
p 
Ex 
— 
lo
yi
 
Q . 
r -
o 
r v 
r^ 
CD 
•— 
O0 
3 
O 
r— 
r^ 
O 
o
he
si 
,. CJ 
.OJ 
cG 
CD 
CD 
CO 
O 
S 
c-> 
0 0 
CD 
CO 
• ^ j 
o 
CU 
r^ 
• — 
CD 
JO 
£ 
*—• t 4 _ 
o 
CO 
c 
aa 
J = 
c 
3 
-a 
_c 
-a 
CD 
CO 
ca j o 
s 
JO 
^ -5 £ E 
oo ^ = 0 
•d o 
- U 
CD 
<J d. 
Q i t , 
CD C | 
i: | 
2 « i 
C 3 . £ : 
3 a j o • 
O 'vM CCJ j 
•S ° O ; 
S
 s « • 
u 5 eo 
S E - | 
i . a 2 
y to « £ u w 
3 
o 
ca 
>> 
G 
CO 
CO 
G 
O 
cu S 
cu 
£ 
3 
C 
> N 
X! 
o 
o 
co 
CU 
O0 
„ -3 
C ' > 
vU LG 
% >^ 
-c; x) 
co " a 
— CU 
3 - Q 
> N - 2 
G 
OJ 
CO _ . Cv5 
v - cu 
- a 
<u 
-a „ 
G co 
JH CO 
£•! 
co G 
OO cj 
CO 
<U 
OJ 
x: 
t—• 
X ) 
"o 
"J 
0 0 
CU ; u 
2 3 
^ CU 
<U ^ r 
^~. o 
—' CN r o CT v o NO r— 
O J G i ) 
N—' O -
cu "— >-• 
^ G co 
O OJ cu 
OO 
Q 
o 
CJ 
CJ 
c 
o 
c 
CU 
cG O 
<_, OJ 
: X2 
TS £ 
CO 
o 
t G 
cu 
G 
cu 
X> 
3 li-> 
5 vVO 
r - O 
OJ — 
X i 0 0 
co c 
co G 
x: o 
tG 
— OJ 
3 - ° 
- 3 ca 
-| g5 
— j ^ 
C 3 
— ca 
co i -
CO M 
O G 
3 O 
OJ 
3 
- OJ 
3 -2 
2 3 
— c 
c "5 
v- O 
,1 ) - ^ 
CU 
0 0 
CO 
"c 
CU p 
Cu 
-a 
vU 
CO 
CO 
OJ 
V- . 
Cu 
X 
OJ 
CcT 
O0 
CU 
£ 
c o 
Cu 
o 
1) 
x: 
2 2 
oo o o 
£ ^ « 
G t_> t _ 
,3 .2 c2 c2 
^ c £ 2 
G cu 53 >x vo r-
X3 ^ oo oo 
-a 
c 
CO 
*—» 
G 
co 
390 
o 
Cu 
CO 
O 
cu 
Xi 
OJ 
vO 
X ! 
£ 
CN 
1 — < 
O 
CO 
c U 
<U 
Cu 
O 
o 
C+-C 
o 
CO 
cU 
cO 
Cu 
X 
<u 
Cu 
OJ 
-a 
o 
-a OJ 
CO 
•-• 
-r, 
CD 
U . 
fc 
(U 
CO 
CO 
OJ 
o . 
- H 
£. 
o 
—^; cO 
Cj 
JO 
Cu 
u. 
3 
O 
> N 
00 
cr 
i 
IX, 
OJ 
x> CO 
H 
3 
• " 
CO 
r ^ 
CO 
Cu 
OJ 
OJ 
-•-' C + - , 
o 
£* 
o 
CO 
d 
cO 
Cu 
CU 
-*—« 
o 
>> 
r ^ 
CO 
s~< 
CO 
o ; 
3 CJ 
^~^ r^ 
CO 
o D_ 
£ 
CO 
3 
*—'* CJ 
cO 
tL, 
CJ - — 
CO • — • 
* - « ** 
o J£ 
"o *-
,
r t
 CN 
U, — 
CT 
CN 
ui CD 
IS 
o 
^ c 
CO 
J 
O 
c 
-o 
u. o 
re
c 
o 8 
f - oo 
— cr 2 CN CO C O O N r o e N ^ r ^ ^ O N 
V O C N vo r-~ N 2 cr 2 — CN oo ~ oo 
2 C N 2 oo r - O N 2 r o c v 2 
r~ r» r— —• vo CN co r^  r- cNcoc\ G< "i r~ 
—' v-N ™ — — 2 — C N „ _ ^ _ „ „ c N _ 
ro cr CN 
cr co — ro 
2 co vo 
CN c-N cr — 
OO — vo 
r o r o — —' \ t CO CO r o CN VO r-- CN c r r O C O 
V O O O CT —' — ' V O v o r o o o r o c r v o 
CN r-^  v o r o v o c r v o c r o o v o v o v o i d e r 
—' vO C T O O r O r O V O V O C— CO CO J j 
vo ro r^ CN CN cr —. 2 vo co CN vo 2 
CN CN vo — 
OO OO CO 
r-» r- C N 
CO 
CO 
ro OO OO C O O O C C V O C O O O O O r O O O C O C O O O O O O O O 
—' r^ r~ —' r ^ r - r^ co r— r~ o r~ 
r. 
o 
tJ 
CD 
C 
o 
CD 
^Z 
CD 
i-
-a 
— CD 
* 
•u 
— CD 
i 
-o 
fa 
ca 
c 
ca 
< < < 
ca ca JO. 
oo 00 S 
3 3
 "o 
•"• " • *•• *~ J™ C3 vvi n j \vj cw cu >y icj 
U U O Q Q W W U j m w u j U J i J j 
JO JO JO JO 
U O CJ o 
o 
<u 
- O 
u . 
U 
T 
c 
O 
4> 
- O 
*-• 
CD 
X 
o 
i > 
X> 
tu. 
sU 
3C 
J * 
o 
o k~ 
J O 
O, 
»— 
-J 
c 
— 
j * 
O 
O 
u . 
J O 
c 
JS 
o 
c 
£ 
J * 
c 
O 
J O 
r^ 
r-\ 
CJ 
c 
I 
JxC 
c 
O 
L. 
J O 
JO 
•— o 
c 
I 
j * 
o 
c 
w 
J O 
so 
J O 
o 
c 
K 
j * 
o 
o 
u . 
J O 
c^  
J O 
a 
c 
j t f 
o 
o 
u . 
J O 
c 
J O 
o 
c 
» i * 
^ - c N r o c r v o v o r ^ o o C N O — c N r o c r v o v o r ^ o o C v O — C N r O c r c o v o 
— — CN CN CN CN CN CN CN 
CO 
o 
a 
391 
CO 
tu 
cu 
Cu 
O 
f—«^ 
T3 
OJ 
G 
r^ 
'G 
C 
o 
U 
c j 
s 
t i , 
tu 
X ) 
CO 
H 
OJ 
— H 
o x: 
-a 
c ca 
— c 
o 
^^  
.2 
• 4 — ' 
CC 
•*-* c 
_ca 
Cu 
OJ 
OJ 1 - . 
c+_ 
O 
C 
o 
CO 
C 
rri 
£ 
•5 CD 
a. 
Jo 
-a 
c 
ca 
CO 
CO 
o 
o 
c u 
X 
CU 
o 
o 
co 
5 
o 
CO 
fcu. 
— ' CJ 
ca : -
a s 
H 00 
< 
O 
2 = j= "i 
-a c 
CO CJ 
ca CD 
r o r o r - vo c n " 2 N " co ^ 2 
CN CN v o t — — — — C ^ v c „ 
r- - over ON 2! 2 2 " 2 2 
NO c N c r c N c r r o ^ v o r^ —• — _ t r— r o v o 
— r ^ ^ r V j p ^ ^ y ^ - j Q Q ^ ^ C N C N c r CN r^ 
^ — —' — —' OO — vo — 2-* r n —• CN CN 2 ~ ' C N 0 O 
co CN oo — c r r o r o — r - c r co - — CN 
CO OO V O O O O O C N r O V O C N O O C N O O C N 
ON *_: 
CN — 
~ ON 
cr ON — CN r— vo CN vo vo ro 
cr ro —' ON vo cr cr 
— O CN 
OO co — — r o o o r o o o o 
r - co r~ r*- — 
C O C O — O O O O — O O O O O O O O 
r— r^ CN r - r » CN r~- r - r -
— JO oo 
CN r-- r^ 
j o j o j o 
CD CD 
CD > 
ca 
J2 CD CD CD CD CD 
>> >-. ^ 
13
 ca ca ' 3 -*o RJ 
M C I O ^ ^ J : ^ ^ ^ ~ fa <= 
- = - q c o o y u 
3 ^ .-, ,-, ca ca . ^ 
ca ca 
c a c a c a 3 3 X X X r a c a c a . 3 .—. 
S S S S S C J C J C J S S S S S oo oo 
C ^ - O O C N O — c N r o c r v o v o r - c o C N 
C N C N C N r o r o r o r O r O r o c - O r o r O r O 
— CN r o c r 
c r c r c r c r 
> s 
rs 
~C 
-JO 
5 
^ j f 
> N 
CC 
-c d 
C/l 
5: 
oo 
cr 
392 
CO 
CU 
CU 
cu 
o 
cu 
-a 
-a G 
CO 
cU 
G 
r^ 
'•*-* 
r< 
O 
cr 
i 
f t , 
-2 
X ) 
CO 
H 
ior
 
-*—» cO 
r j 
_C0 
Cu 
OJ 
CU 
s-. 
• — * 
ct- i 
o 
G 
_o 
CO 
G 
ca 
cu 
X 
cu 
O 
J C 
oo 
u , 
O 
• * - » 
CJ 
CO 
19
8 
22
3 
CO 
CO 
CN 
18
3 
22
2 
16
4 
13
0 
CN 
VO 
17
9 
20
0 
17
0 
20
4 
(S) 
Sc
or
e
 
6.
39
 
7.
96
 
8.
93
 
5.
72
 
7.
40
 
4.
21
 
3.
82
 
5.
07
 
5.
26
 
6.
25
 
5.
00
 
6.
38
 
Sc
or
e
 
M
e
a
n
 
ro 
OO 
CN 
OO 
CN 
CN 
ro 
O 
c-o 
CN 
r o 
cr 
ro 
CO 
ro 
cr 
ro 
CN 
r o 
cr 
CO 
CN 
r o 
o
n
s
 
(M
) 
Me
nt
i 
r o r o vol — CN 
c r —' CN 
CN — ' —' 
r o c r CN CN r o 
CN c r — ' CN 
VO v o CN v o r o 
CN c r r o r o v o 
CN r o CO v o v o 
— o o c-O c r 
r o vo CN v o c r 
cr CN —• c r r o 
— CN r o c r vo 
00 00 00 oo cn 
c 
o 
3 3 C 
CD CD CD c a 
U CD 
s n s s 
c * 
NO 
VO 
cr 
N? 
ON 
o 
r- o 
CO 
CN 
C N 
CN 
2 £ 
CO 
c r 
o 
C\ o 
o" 
r o 
NT 
C»N 
VO 
VO 
c r 
CN 
oo 
oo 
2 § 
o 
vo 
CN 
CO 
2 § 
CO 
v o 
NT 
— VO 
CN 
vo 
N-
r o 
c r 
VO 
cn 
O N-
~* n N 
c 
C c 
O •£ 
O . C 
O CD 
£ £ 
CO 
r ^ 
OJ 
• a 
OJ 
Cu 
OJ 
OO 
C 
c 
c o 
• — ca 
m P . 
o 
Q . 
3 
a. 
c 
o 
CD ,—. 
TO C 
C O 
3 \ 3 
-a 2 
CD C 
co CX 
«<o 
° co 
TO ca 
CD VD 
C ca 
ca :_ 
"5 -co 
o *— 
-C cu 
> <-> 
2 o 
J O — 
CO o CD 
D ~ C 
CD CO 
r^ eo - — 
*" * -^  
£ -2 U 
a , 
c i 
P i 
u 
CD 
CU 
- o 
CD 
CO 
O0 
- a 
CD 
J O 
CD 
a . 
P . " 
vu c 
j o • -
u ; c u u 
JO Cu :_ ' 3 JO 
0 0 — 
C 1 3 
ca ._ 
~ O 
O _5 
co cr; 
v*" 0 0 
o o 
CD —' 
y ° 
a . -a 
= co — „ , CD 
CD 
cu K 00 
" a c 
3 t "J 
3 3 •— 
ca o
 r . 
cj 
3 C 
JO ^ . 
ca 3 
— j o 
S.H 
CO _Q 
cj
 = 
5 ca 5 
CO ca 
ca O 
•O cj 
E j = 
S >N 
CD 5 
> to 
CU 0 0 
JO c 
— > ~ c 
O O O 
co co co 
vo co co 
O O O 
CJ u u 
O . " « 
co r3 u 
o 2 fa 
U xi H 
c -
E -o 
o 5 
2 J 
^ 2^ 
3 C 
ca ca 
ca — CD cU 
o o 
3 C 
< EI D D 
CO 
2 C — CN — c N r o c r v o v o r ^ c o C N — —' —' 
393 
Appendix G 
TREE SPECIES PLANTED IN THE CRRP BY YEAR OF PLANTING 
AND BY GROUPS 
Group 1: MAI: 15 m3; rotation length: 20 years 
Common Name 
Southern Silky Oak 
Sub-total 1 
Group 2: MAI: 5 m3; 
Common Name 
Brown Salwood 
Brown Salwood 
Brown Salwood 
Brown Salwood 
Brown Salwood 
Black Wood 
Sub-total 2 
Group 3: MAI: 15 m: 
Common Name 
White Mahogany 
Poplar gum 
River Red Gum 
Lemon Scented Gum 
Gympie Messmate 
Species name 
Grevillia robusta 
rotation length: 30 years 
Species name 
Acacia aulacoparta 
Acacia auriculiformis 
Acacia crassicarpa 
Acacia leptocarpa 
Acacia mangium 
Acacia melanoxylon 
!; rotation length: 30 years 
Species name 
E. acmenioides 
E. acmenoides 
E. alba 
E. argopholia 
E. camaldulensis 
E. citriodora 
E. cloeziana 
Narrow Leafed Red Ironbark E. crebra 
Grey Iron Bark 
dunn's White Gum 
Southern Blue Gum 
Rose Gum 
Red Bloodwood 
Spotted Gum 
Tallowwood 
White Stringbark 
Grey Ironbark 
Red Mahogany 
Blackbutt 
Spring Bloodwood 
Red Mahogany 
Swamp Mahogany 
E. drepanophylla 
E. dunnii 
E. globulus 
E. grandis 
E. intermedia 
E. maculata 
E. microcoiys 
E. nigra 
E. paniculata 
E. pellita 
E. phalotrica 
E. pilularis 
E. ptycocarpa 
E. reducta 
E. resinefera 
E. robusta 
1992-93 
1,492 
1,492 
1992-93 
1,265 
7,401 
1,183 
9,849 
1992-93 
80 
80 
3,978 
3,018 
13,402 
65 
1,532 
2,213 
280 
12,436 
6,007 
120 
40 
21,803 
113 
3,543 
300 
255 
1,371 
1,050 
Year of planting 
1993-94 
4,752 
4,752 
1994-95 
3,223 
3,223 
Year of planting 
1993-94 
4,254 
2,703 
17 
77 
12,584 
238 
19,873 
1994-95 
2,243 
303 
5,563 
8,109 
Year of planting 
1993-94 
1,913 
51 
9,845 
8,350 
34,751 
94 
2,236 
2,010 
170 
14,842 
9 
26 
5,222 
77 
68 
58,537 
1,357 
17 
3,941 
3,340 
1994-95 
5,328 
7,871 
14,412 
27,101 
7,148 
840 
620 
5,597 
40 
80 
9,374 
31,104 
2,400 
549 
9,671 
2,332 
1992-95 
9,467 
9,467 
1992-95 
7,762 
3,006 
17 
77 
25,548 
1,421 
37,831 
1992-95 
80 
7,241 
51 
80 
21,694 
25,780 
75,254 
159 
10,916 
5,063 
1,070 
32,875 
49 
106 
20,603 
197 
108 
111,444 
113 
7,300 
317 
804 
14,983 
6,722 
394 
Group 3 (continued): MAI: 15 m3; rotation length: 30 years 
Common Name 
Forest Red Gum 
Carbeen 
Cadagi 
Silver Quandong 
Sub-total 3 
Group 4: MAI: 10 m3 
Common Name 
West Indian Cedar 
Sub-total 4 
Group 5: MAI: 5 m3; 
Common Name 
Black Bean 
Silver Silkwood 
Grows Ash 
Queensland Silver Ash 
Queensland Maple 
Hickory Ash 
Maple silkwood 
Northern Silver Ash 
Cheesewood - Leichhardt 
Teak 
Rose Butternut 
Sub-total 5 
Species name 
E. teritecornis 
E. tessellaris 
E. torelliana 
Elaeocarpus augustifolius 
Elaeocarpus grandis 
; rotation length: 40 years 
Species name 
Cedrela Odorata 
rotation length: 50 years 
Species name 
Castanospermum australe 
Flindersia acuminata 
Flindersia australis 
Flindersia bourjotiana 
Flindersia brayleyana 
Flindersia ifflaiana 
Flindersia pimentelliana 
Flindersia scholttiana 
Nauclea orientalis 
Tectona grandis 
Blepharocarya involucrigera 
1992-93 
5,411 
2,373 
4,587 
84,057 
1992-93 
95 
95 
1992-93 
7,401 
585 
747 
15,521 
100 
2,075 
1,006 
2,860 
1,005 
3,532 
34,832 
Year of planting 
1993-94 
6,461 
153 
2,658 
26,631 
182,759 
1994-95 
11,989 
47 
960 
18,583 
15 
156,061 
Year of planting 
1993-94 
3,453 
3453 
1994-95 
6,436 
6436 
Year of planting 
1993-94 
6,242 
292 
1,645 
3,608 
18,108 
3,964 
4,326 
2,961 
4,711 
4,464 
2,866 
53,187 
1994-95 
9,404 
1,275 
9,699 
25,705 
1,777 
3,939 
6,771 
4,313 
237 
9,062 
72,182 
1992-95 
23,861 
200 
5,991 
45,214 
4,602 
422,877 
1992-95 
9,984 
9984 
1992-95 
23,047 
292 
3,505 
14,054 
59,334 
5,841 
10,340 
10,738 
11,884 
5,706 
15,460 
160,201 
Group 6: MAI: 15 mJ; rotation length: 50 years 
Common Name 
Hoop Pine 
UinkiiPine 
Kauri Pine 
Sub-total 6 
Species name 
Araucaria bidwillii 
Araucaria cunninghamii 
Araucaria hunsteini 
Agathis robusta 
1992-93 
744 
28,462 
40 
13,364 
42,610 
Year of planting 
1993-94 
17,214 
149 
19,571 
36,934 
1994-95 
42 
27,698 
5 
19,306 
47,051 
1992-95 
786 
73,374 
194 
52,241 
126,595 
Group 7: MAI: 8 mJ; rotation length: 60 years 
Common Name 
RedSiris 
Sub-total 7 
Species name 
Paraserianthes toona 
1992-93 
0 
0 
Year of pi 
1993-94 
3,951 
3,951 
anting 
1994-95 
14,057 
14,057 
1992-95 
18,008 
18,008 
395 
Group 8: Non -commercial species 
Group 8: MAI: 3 m3; rotation 
Common Name 
Satin Oak 
Red Ash 
Pink Ash - Sarsaparilla 
Red Ash 
Milky Pine-White 
Red Tulip Oak 
Brown Tulip Oak 
Spotted Silky Oak 
Bottlebrush 
Bottlebrush 
Bottlebrush 
White Bottlebrush 
Weeping Bottlebrush 
Bottlebrush 
Coast Cypress Pine 
Northern Cypress Pine 
Northern Silky Oak 
Brown Tamarind 
River Oak 
Beach Sheoak 
swamp Sheoak 
(no common name) 
East Indian Mahogany 
Bolly Silkwood 
Brown Silky Oak 
Ivory Mahogany 
Queensland Walnut 
(no common name) 
Figwood 
White Beach 
White Beach 
White Beach 
Kwila 
African Mahogany 
Weeping Tea-tree 
Lemon Scented Tea-tree 
length: 100 plus years 
Species name 
Albizia toona 
Aleurites moluccana 
A lloxylon flameum 
Alloxylon flayium 
Alphitonia excelsa 
Alphitonia petriei 
Alphitonia phillipensis 
Alphitonia whitei 
Alstonia scholaris 
Argyrodendron peralatum 
Argyrodendron trifoliolatum 
Arytera divaricata 
Brachychitron acerifolius 
Buckinghamia celsissima 
Callistemon citrimis 
Callistemon polandii 
Callistemon recurvis 
Callistemon regidus 
Callistemon salignus 
Callistemon viminalis 
Callistemonphoenicisu 
Callitris columellaris 
Callitris intratropica 
Cardwellia sublimis 
Castanospora alphandii 
Casuarina cunninghamiana 
Casuarina equisetifolia 
Casuarina glauca 
Casuarina littoralis 
Chukrasia tabularis 
Cinnamonium lauratii 
Cryptocarya oblata 
Darlingia darlingiana 
Dysoxylum gaudichaudianum 
Endiandra palmerstonii 
Endospermum medulosum 
Euodia xanthoxyloides 
Eurosch in us falcata 
Ficus macrophylla 
Ganophyllum falcatum 
Gmelina dalrympleana 
Gmelina fasifolius 
Gmelina fasiculiflor a 
Intsia bijuga 
Khaya nyasica & senegalis 
Leptospermum brachyandrum 
Leptospermum petersonii 
1992-93 
1,162 
1 
94 
1,175 
80 
50 
1,111 
20 
100 
12 
12 
82 
40 
220 
856 
231 
449 
126 
17 
132 
30 
377 
14 
Year ofph 
1993-94 
63 
17 
905 
68 
3,480 
829 
43 
85 
17 
34 
34 
26 
2,669 
17 
4 
119 
3,036 
68 
1,887 
119 
366 
9 
187 
679 
209 
13 
9 
513 
9 
204 
43 
1,394 
43 
232 
4 
60 
inting 
1994-95 
72 
1,286 
10 
2,538 
68 
83 
60 
120 
40 
70 
80 
136 
2,099 
50 
2,130 
1,263 
20 
281 
543 
25 
53 
200 
14 
648 
1,295 
1992-95 
1,162 
1 
135 
94 
17 
3,366 
80 
128 
7,129 
917 
143 
12 
95 
227 
160 
57 
104 
114 
162 
4,988 
67 
4 
975 
5,397 
68 
3,150 
139 
366 
9 
917 
126 
1,239 
366 
13 
62 
713 
30 
377 
9 
14 
204 
57 
2,042 
43 
1,527 
4 
60 
396 
Group 8: Non -commercial species (continued) 
Group 8: MAI: 3 m3; rotation length: 100 plus years 
Common Name 
Bollywood 
Lomatia Silky Oak 
Brush Box 
Narrow Leaved Paperback 
Braclet Honey Myrtle 
River Tea Tree 
Swamp Tea-Tree 
Broad leaved Tea Tree 
Prickly Leaved Tea Tree 
Broad leaved Tea Tree 
Broad leaved Tea Tree 
White Cedar 
Euodia - Evodia 
Briar Silky Oak 
Bolly Gum 
Bleeding Heart 
Blush Silky Oak 
Red Silkwood 
Tulip Siris 
Scented Daphne 
Rose Silky Oak 
Tulip Plum 
Canary Beach 
Black Pine 
Rosewood 
Hard Alder 
Bishofia Javanica 
Raintree 
White Silky Oak 
Satinay 
Onion Satin Ash 
Green Satinash 
Yellow Satinash 
Java Plum 
Fibrous Satinash 
Flaky-Bark-Satinash 
Grey Satinash 
Rose Apple 
Kuranda Satinash 
Species name 
Litsea leefeana 
Lomatia fraxinifolia 
Lophostemon confertus 
Melaleuca alternifolia 
Melaleuca armillaris 
Melaleuca bracteata 
Melaleuca dealbata 
Melaleuca leucandandra 
Melaleuca nodosa 
Melaleuca quinquenervia 
Melaleuca viridiflora 
Melia azedarach 
Melicope elleryana 
Metrosideros queenslandica 
Callistemon / melaleucas 
Musgravea heterophylla 
Neolitsea dealbata 
Omalanthus populifolius 
Opisthiolepis heterophylla 
Palaquium galactoxylon 
Pararchidendron pruinosum 
Paulownia species 
Phalera olerodendron 
Placospermium coriaceum 
Pleiogynium timorense 
Polyathia maichaelii 
Prumnopitys amara 
Pterocarpus indicus 
Pullea stutzeri 
Rainforest mixed 
Rose tamarid 
Samanaea saman 
Stenocarpus sinuatus 
Syncarpia hilli 
Syzygium alliilgneum 
Syzygium australe 
Syzygium canicortex 
Syzygium cuminii 
Syzygium danseii 
Syzygium fibrosum 
Syzygium forte 
Syzygium gustivoides 
Syzygium hodgkinsoniae 
Syzygium kuranda 
1992-93 
127 
40 
60 
562 
12 
50 
50 
699 
100 
50 
45 
120 
140 
191 
65 
25 
Year of planting 
1993-94 
952 
34 
162 
14 
13 
26 
34 
2,338 
4 
408 
9 
3,449 
3,792 
77 
17 
13 
204 
687 
9 
34 
9 
55 
68 
34 
1,091 
21 
204 
85 
213 
383 
257 
289 
34 
34 
66 
34 
82 
378 
1994-95 
75 
130 
1,940 
1,404 
1,166 
1,531 
267 
60 
55 
30 
35 
387 
80 
73 
433 
853 
340 
20 
85 
544 
1992-95 
1,079 
34 
237 
14 
13 
156 
34 
4,278 
4 
448 
9 
4,913 
5,520 
12 
50 
127 
17 
2,243 
204 
954 
69 
100 
89 
89 
90 
68 
79 
1,598 
101 
140 
204 
85 
264 
213 
816 
1,175 
289 
374 
25 
34 
86 
119 
82 
922 
397 
Group 8: Non -commercial species (continued) 
Group 8: MAI: 3 mJ, rotation length: 100 plus years 
Common Name Species name Year of planting 
1992-93 
25 
25 
25 
25 
579 
155 
1993-94 
11 
119 
502 
3,498 
833 
730 
1994-95 
111 
80 
5,427 
844 
1,004 
1992-95 
136 
36 
25 
119 
607 
9,504 
155 
1,677 
1,734 
Bumpy Satinash (1995) 
Blue Lilly Pilli 
Paperback Satinash 
Bamaga Satinash 
Damson 
Red Cedar 
Miscellaneous SPP 
Syzygium lliilgneum 
Syzygium oleosum 
Syzygium paniculatum 
Syzygium papyraceum 
Syzygium tierneyanum 
Terminalia sericocarpa 
Toona australis 
Toona ciliata 
Others 
Total non-commercial (NC) 
Proportion of NC trees out of total trees planted 
Total number of commercial tree species 
Total number of trees planted 
Total number of commercial trees after losses and replants 
Proportion of commercial trees lost 
Total area planted (ha) 
Tree, density (number of trees/ha) (includes NC trees) 
9,561 
5.24% 
173,015 
182,576 
146,695 
15.21% 
266.2 
582 
38,800 
11.28% 
305,045 
343,845 
259,173 
15.04% 
436.2 
670 
30,158 
8.92% 
307,926 
338,084 
261,051 
15.22% 
439.8 
652 
78,519 
9.08% 
785,986 
864,505 
666,919 
15.15% 
1,142.2 
642 
Sources: CRRP annual reports (1992-93 to 1994-1995) 
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Appendix H 
THE LANDCARE ENVIRONMENT ACTION PROGRAM AND ITS RELATION 
WITH THE CRRP 
The majority of the workforce in the CRRP was provided through the Landcare and 
Environment Action Program (LEAP) which was announced on July 27th, 1992. This 
program was abolished in 1996 and although a new program, the Green Corps has been set 
up, there is no indications that it will provide labour to programs such as the CRRP. LEAP 
provided young Australians who wished to participate in the development and 
implementation of conservation practices with training and practical experience in land 
care, environment, cultural heritage and conservations activities. 
The primary objective of LEAP was to improve the employment prospects of these young 
people by broadening their practical experience and equipping them with new skills 
through formal training and practical application of new skills. 
The secondary objective of LEAP was to provide participants with the opportunity to apply 
new skills to projects that promote environmental conservation and cultural heritage 
outcomes and are of community and environmental benefit. 
While it is apparent that the LEAP objectives and the CRRP goals coincided, the formal 
link between LEAP, which was administered by the Department of Employment, 
Education and Training (DEET) and the CRRP was until the end of the 1993-94 financial 
year through brokers. Brokers were responsible for project co-ordination and supervision 
of sponsors. The sponsors were responsible to brokers for the operation of each discrete 
project (each piece of land to be planted was a project on its own), and ensuring the 
supervision of the participants. The CRRP was a broker Level 1, which was contracted to 
place a minimum of 30 participants for 26 weeks each. 
The brokerage system was abandoned in 1994-95 because it was leaving the broker in 
limbo between the time their tendering application was processed and planting time. 
Financially, the costs incurred by the CRRP as a broker were more than the $3,920 sponsor 
400 
fee for each participant. This higher costing was mainly due to an under-estimation of the 
costs of transportation to the sites of planting and the training required (G. Kent, 1993). 
Participants aged between 15 and 20 had an allowance of $125 per week from 15 to 17 year 
old and $150 per week from 18 to 20. This required an experienced worker (from QDPI-
Forestry Services) to supervise the teams of 10 trainees. There was an acute problem in 
1992-93 in there was a lack of close supervision. Full-time supervision was provided in 
1993-94 and 1994-95. 
Recruitment was through the Commonwealth Employment Services (CES) which sent 
letters to all young unemployed registered with them. Notices were also pinned on CES 
offices boards. Interested individuals came to an interview. Group sessions were also 
organised with video support (pers. com. Innisfail CES officer, 1993). Once an applicant 
was successful at this stage, the applicant was sent to a LEAP officer for further screening. 
Once accepted, the applicant received training. 
The training took an holistic approach including (besides how to plant the seedlings) 
literacy courses and communications skills, and instilled into the trainees a level of self-
confidence which became an asset once the training finished. There was no gender 
discrimination and aborigines are encouraged to participate. The success of this training is 
demonstrated by the 60% or so of trainees who obtained a job or a place in an educational 
institution after completing the 6 months (Peter Sheperd, 1994). 
References, Appendix H 
Anon (1996), Senior actoiinistrative officer, Commonwealth Employment Services regional office, personal 
commumcation, 16 September, Innisfail. 
Kent, G. (1996), Forester, Forest Services, Department of Primary Industries, personal communication, 17' 
September, Atherton. 
Sheperd, P. (1996), CRRP Training Co-ordinator, personal communication, 16 September 1996, Innisfail. 
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Appendix I 
ESTIMATION OF ANNUAL GROWTH RATES, CURRENT AND MEAN ANNUAL 
INCREMENTS AND GROSS TOTAL CARBON SEQUESTERED IN THE CRRP 
Table I-1: Growth rates in percentage for each tree species group 
Species group 
Rotation length 
(years) 
MAI (m3) 
Year 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
45 
47 
48 
49 
50 
1 
20 
15 
0.10 
1.00 
4.20 
11.40 
22.50 
35.90 
49.50 
61.70 
71.80 
79.60 
85.50 
89.80 
92.90 
95.10 
96.60 
97.60 
98.40 
98.90 
99.20 
99.50 
99.60 
2 
30 
5 
0.10 
0.90 
2.40 
5.20 
9.70 
15.90 
23.50 
31.90 
40.60 
49.10 
57.00 
64.20 
70.50 
75.90 
80.40 
84.20 
87.30 
89.90 
91.90 
93.60 
94.90 
95.90 
96.80 
97.50 
98.00 
98.40 
98.70 
99.00 
99.20 
99.40 
99.50 
3 
30 
15 
Cumulative 
0.10 
0.40 
1.40 
3.80 
7.90 
14.10 
22.10 
31.10 
40.60 
49.80 
58.40 
66.00 
72.50 
78.00 
82.50 
86.20 
89.20 
91.50 
93.40 
94.90 
96.00 
96.90 
97.60 
98.10 
98.60 
98.90 
99.10 
99.30 
99.50 
99.60 
99.70 
4 
40 
10 
5 
50 
5 
6 
50 
15 
7 
60 
8 
annual growth rate of each species (%) 
0.10 
0.30 
0.90 
2.00 
3.90 
6.90 
11.00 
16.10 
22.20 
28.80 
35.80 
42.90 
49.70 
56.20 
62.10 
67.50 
72.30 
76.50 
80.20 
83.30 
S6.00 
88.30 
90.20 
91.90 
93.20 
94.40 
95.30 
96.10 
96.80 
97.40 
97.80 
98.20 
98.50 
98.80 
99.00 
9920 
99.30 
99.40 
99 50 
99.60 
99.70 
0.10 
0.40 
0.80 
1.50 
2.70 
4.50 
6.90 
9.90 
13.60 
17.90 
22.70 
27.90 
33.20 
38.70 
44.10 
49.40 
54.40 
59.20 
63.60 
67.70 
71.40 
74.80 
77.90 
80.60 
83.00 
85.20 
87.10 
88.80 
90.20 
91.50 
92.60 
93.60 
94.50 
95.20 
95.90 
96.40 
96.90 
97.30 
97.70 
98.00 
98.30 
98.50 
98.70 
98.90 
99.10 
99.20 
99.30 
99.40 
99.50 
99.55 
99.60 
0.10 
0.20 
0.40 
0.90 
1.80 
3.30 
5.40 
8.40 
12.10 
16.50 
21.60 
27.10 
32.90 
38.80 
44.60 
50.30 
55.70 
60.70 
65.40 
69.60 
73.50 
76.90 
79.90 
82.60 
85.00 
87.10 
88.90 
90.50 
91.80 
93.00 
94.00 
94.90 
95.60 
96.20 
96.80 
97.30 
97.70 
98.00 
98.30 
98.50 
98.80 
99.00 
99.10 
99.20 
99.30 
99.40 
99.50 
99.55 
99.60 
99.65 
99.70 
0.10 
0.20 
0.40 
0.80 
1.40 
2.30 
3.70 
5.50 
7.90 
10.70 
14.00 
17.80 
22.00 
26.40 
31.10 
35.80 
40.60 
45.30 
49.90 
54.30 
58.40 
62.40 
66.10 
69.50 
72.60 
75.50 
78.10 
80.50 
82.70 
S4.60 
86.30 
87.90 
89.30 
90.50 
91.60 
92.60 
93.50 
94.20 
94 90 
95.50 
96.10 
96.60 
97.00 
97.30 
97.60 
97.90 
98.10 
98.30 
98.50 
98.60 
98.70 
8 
100 
3 
0.12 
0.19 
0.31 
0.47 
0.69 
1.00 
1.39 
1.90 
2.53 
3.30 
4.23 
5.32 
6.58 
8.01 
9.61 
11.39 
13.33 
15.42 
17.66 
20.02 
22.49 
25.06 
27.70 
30.40 
33.14 
35.89 
38.65 
41.41 
44.14 
46.83 
49.47 
52.06 
54.58 
57.02 
59.39 
61.67 
63.87 
65.97 
67.99 
69.92 
71.75 
73.49 
75.15 
76.72 
78.21 
79.61 
80.93 
82.18 
83.36 
84.47 
85.50 
402 
Table 1-1 (continued): Growth rates in percentage for each tree species group 
Species group 
Rotation length 
(years) 
MAI (m3) 
Year 
1 
20 
15 
2 
30 
5 
3 
30 
15 
4 
40 
10 
Cumulative annual growth 
5 
50 
5 
rate of each 
6 
50 
15 
species (%) 
7 
60 
8 
8 
100 
3 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
98.90 
99.10 
99.20 
99.30 
99.40 
99.50 
99.55 
99.60 
99.65 
99.70 
86.48 
87.39 
88.25 
89.05 
89.80 
90.50 
91.16 
91.77 
92.34 
92.88 
403 
Table 1-2 
(a) Current annual increment of carbon (CCAI) sequestered in one hectare by each species group and for 
all species; mean annual increment of carbon (CMAI) sequestered for all species per hectare and total 
carbon sequestered annually for all species group planted in 1992-93 over a 50-year period (carbon 
emission are not taken into account). 
Year 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
45 
47 
48 
49 
50 
1 
0.01 
0.09 
0.32 
0.71 
1.10 
1.33 
1.35 
1.21 
1.00 
0.77 
0.58 
0.43 
0.31 
0.22 
0.15 
0.10 
0.08 
0.05 
0.03 
0.03 
0.01 
9 8 8 
Carbon sequestered by 
2 
0.00 
0.01 
0.02 
0.04 
0.06 
0.09 
0.11 
0.12 
0.12 
0.12 
0.11 
0.10 
0.09 
0.08 
0.06 
0.05 
0.04 
0.04 
0.03 
0.02 
0.02 
1.33 
3 
0.14 
0.42 
1.40 
3.36 
5.73 
8.67 
11.18 
12.58 
13.28 
12.86 
12.02 
10.62 
9.09 
7.69 
6.29 
5.17 
4.19 
3.22 
2.66 
2.10 
1.54 
1.26 
0.98 
0.70 
0.70 
0.42 
0.28 
0.28 
0.28 
0.14 
0.14 
139.39 
4 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.16 
specie group (t/ha) 
5 
0.03 
0.10 
0.13 
0.23 
0.39 
0.58 
0.77 
0.97 
1.19 
1.38 
1.55 
1.67 
1.71 
1.77 
1.74 
1.71 
1.61 
1.55 
1.42 
1.32 
1.19 
1.09 
1.00 
0.87 
0.77 
0.71 
0.61 
0.55 
0.45 
0.42 
0.35 
0.32 
0.29 
0.23 
0.23 
0.16 
0.16 
0.13 
0.13 
0.10 
0.10 
0.06 
0.06 
0.06 
0.06 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
32.08 
6 
0.12 
0.12 
0.24 
0.59 
1.06 
1.77 
2.48 
3.54 
4.37 
5.20 
6.02 
6.50 
6.85 
6.97 
6.85 
6.73 
6.38 
5.90 
5.55 
4.96 
4.61 
4.02 
3.54 
3.19 
2.83 
2.48 
2.13 
1.89 
1.54 
1.42 
1.18 
1.06 
0.83 
0.71 
0.71 
0.59 
0.47 
0.35 
0.35 
0.24 
0.35 
0.24 
0.12 
0.12 
0.12 
0.12 
0.12 
0.06 
0.06 
0.06 
0.06 
117.77 
7 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.83 
8 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.03 
0.04 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.10 
0.11 
0.11 
0.12 
0.13 
0.13 
0.14 
0.14 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
Q.14 
0.14 
0.14 
0.13 
0.13 
0.12 
0.12 
0.11 
0.11 
0.11 
0.10 
0.10 
0.09 
0.09 
0.08 
0.08 
0.07 
0.07 
0.07 
0.06 
0.06 
4.57 
CCAI 
(t/ha) 
0.31 
0.75 
2.12 
4.94 
8.35 
12.47 
15.92 
18.46 
20.01 
20.38 
20.34 
19.39 
18.13 
16.82 
15.19 
13.87 
12.42 
10.88 
9.82 
8.57 
7.51 
6.51 
5.66 
4.91 
4.45 
3.76 
3.17 
2.87 
2.42 
2.13 
1.81 
1.52 
1.26 
1.07 
1.07 
0.87 
0.75 
0.59 
0.59 
0.45 
0.55 
0.40 
0.27 
0.27 
0.26 
0.23 
0.22 
0.16 
0.16 
0.14 
0.14 
305.18 
CMAI 
(t/ha/ 
year) 
0.31 
1.05 
1.43 
2.35 
3.32 
4.16 
4.73 
4.91 
4.81 
4.49 
4.07 
3.61 
3.13 
2.69 
2.29 
1.94 
1.64 
1.37 
1.15 
0.97 
O.SO 
0.67 
0.55 
0.46 
0.39 
0.33 
0.27 
0.22 
0.19 
0.16 
0.13 
0.11 
0.09 
0.07 
0.06 
0.06 
0.05 
0.04 
0.03 
0.03 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
Total carbon 
Sequestered 
in CRRP 
(t/year) 
81 
198 
561 
1,310 
2,214 
3,305 
4,221 
4,893 
5,304 
5,403 
5,393 
5,141 
4,805 
4,458 
4,026 
3,676 
' 3,292 
2,885 
2,604 
2,271 
1,991 
1,725 
1,501 
1,300 
1,179 
996 
840 
761 
640 
563 
480 
403 
333 
284 
282 
231 
199 
156 
156 
118 
146 
105 
72 
70 
69 
60 
58 
41 
41 
37 
36 
80,911 
404 
Table 1-3 
(b) Current annual increment of carbon (CCAI) sequestered in one hectare by each species group and for 
all species; mean annual increment of carbon (CMAI) sequestered for all species per hectare and total 
carbon sequestered annually for all species group planted in 1993-94 over a 50-year period (carbon 
emission are not taken into account). 
Year 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
Total 
1 
0.01 
0.09 
0.33 
0.73 
1.13 
1.37 
1.39 
1.24 
1.03 
0.80 
0.60 
0.44 
0.32 
0.22 
0.15 
0.10 
0.08 
0.05 
0.03 
0.03 
0.01 
10.15 
2 
0.00 
0.02 
0.03 
0.06 
0.09 
0.13 
0.16 
0.18 
0.18 
0.18 
0.17 
0.15 
0.13 
0.11 
0.09 
0.08 
0.07 
0.05 
0.04 
0.04 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.99 
3 
0.16 
0.48 
1.61 
3.87 
6.62 
10.01 
12.91 
14.53 
15.33 
14.85 
13.88 
12.27 
10.49 
8.88 
7.26 
5.97 
4.84 
3.71 
3.07 
2.42 
1.78 
1.45 
1.13 
0.81 
0.81 
0.48 
0.32 
0.32 
0.32 
0.16 
0.16 
160.90 
Species 
4 
0.00 
0.01 
0.02 
0.03 
0.05 
0.08 
0.11 
0.14 
0.16 
0.18 
0.19 
0.19 
0.18 
0.18 
0.16 
0.15 
0.13 
0.11 
0.10 
0.08 
0.07 
0.06 
0.05 
0.05 
0.04 
0.03 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
2.69 
group 
5 
0.03 
0.08 
0.10 
0.18 
0.31 
0.47 
0.63 
0.78 
0.97 
1.12 
1.25 
1.36 
1.38 
1.44 
1.41 
1.38 
1.31 
1.25 
1.15 
1.07 
0.97 
0.89 
0.81 
0.70 
0.63 
0.57 
0.50 
0.44 
0.37 
0.34 
0.29 
0.26 
0.23 
0.18 
0.18 
0.13 
0.13 
0.10 
0.10 
0.08 
0.08 
0.07 
0.06 
0.05 
0.05 
0.03 
0.03 
0.03 
0.03 
0.01 
0.01 
26.02 
6 
0.05 
0.05 
0.11 
0.27 
0.49 
0.82 
1.14 
1.63 
2.01 
2.39 
2.77 
2.99 
3.16 
3.21 
3.16 
3.1.0 
2.94 
2.72 
2.56 
2.28 
2.12 
1.85 
1.63 
1.47 
1.31 
1.14 
0.98 
0.87 
0.71 
0.65 
0.54 
0.49 
0.38 
0.33 
0.33 
0.27 
0.22 
0.16 
0.16 
0.11 
0.16 
0.11 
0.09 
0.07 
0.05 
0.05 
0.05 
0.03 
0.03 
0.03 
0.03 
54.27 
7 
0.00 
0.00 
0.01 
0.01 
0.02 
0.03 
0.05 
0.07 
0.09 
0.10 
0.12 
0.14 
0.16 
0.16 
0.17 
0.17 
0.18 
0.17 
0.17 
0.16 
0.15 
0.14 
0.14 
0.12 
0.11 
0.11 
0.10 
0.09 
0.08 
0.07 
0.06 
0.06 
0.05 
0.04 
0.04 
0.04 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
3.60 
S 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.02 
0.06 
0.10 
0.14 
0.18 
0.22 
0.25 
0.29 
0.32 
0.35 
0.38 
0.40 
0:41 
0.43 
0.44 
0.44 
0.44 
0.44 
0.44 
0.43 
0.41 
0.40 
0.39 
0.37 
0.35 
0.33 
0.31 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.17 
0.15 
0.13 
0.11 
0.10 
0.08 
0.07 
0.06 
11.00 
CCAI 
(t/ha) 
0.26 
0.74 
2.22 
5.16 
8.72 
12.92 
16.40 
18.58 
19.79 
19.64 
19.00 
17.60 
15.92 
14.34 
12.58 
11.17 
9.80 
8.35 
7.44 
6.43 
5.51 
4.79 
4.17 
3.58 
3.34 
2.77 
2.36 
2.18 
1.94 
1.67 
1.47 
1.22 
1.06 
0.93 
0.91 
0.78 
0.69 
0.48 
0.48 
0.40 
0.45 
0.39 
0.35 
0.30 
0.26 
0.22 
0.20 
0.17 
0.15 
0.11 
0.10 
270.62 
CMAI 
(t/ha/year) 
0.26 
1.00 
1.61 
2.79 
4.28 
6.00 
7.74 
9.29 
10.60 
11.60 
12.34 
12.82 
13.08 
13.18 
13.13 
13.00 
12.80 
12.54 
12.26 
11.95 
11.63 
11.30 
10.9S 
10.66 
10.35 
10.05 
9.76 
9.47 
9.21 
8.95 
8.70 
8.46 
8.22 
8.00 
7.80 
7.60 
7.40 
7.22 
7.04 
6.87 
6.71 
6.55 
6.41 
6.26 
6.13 
6.00 
5.87 
5.75 
5.63 
5.52 
5.41 
Total carbon 
Sequestered in 
CRJR? (t/year) 
113 
320 
961 
2,234 
3,776 
5,595 
7,102 
8,046 
8,570 
8,505 
8,229 
7,623 
6,895 
6,211 
5,449 
4,838 
4,245 
3,617 
3,223 
2,786 
2,387 
2,076 
1,807 
1,552 
1,448 
1,201 
1,023 
945 
842 
725 
638 
530 
460 
404 
396 
339 
300 
209 
209 
175 
196 
170 
153 
131 
114 
97 
88 
75 
66 
48 
43 
117,187 
405 
Table 1-4 
(c) Current annual increment of carbon (CCAI) sequestered in one hectare by each species group and for 
all species; mean annual increment of carbon (CMAI) sequestered for all species per hectare and 
total carbon sequestered annually for all species group planted in 1994-95 over a 50-year period 
(carbon emission are not taken into account), 
Year 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
•18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
Total 
I 
0.01 
0.05 
0.17 
0.38 
0.59 
0.71 
0.72 
0.65 
0.54 
0.41 
0.31 
0.23 
0.16 
0.12 
0.08 
0.05 
0.04 
0.03 
0.02 
0.02 
0.01 
5.30 
Carbon current annual increment by species group (t/ha) 
2 
0.00 
0.01 
0.01 
0.02 
0.04 
0.05 
0.06 
0.07 
0.07 
0.07 
0.06 
0.06 
0.05 
0.04 
0.04 
0.03 
0.02 
0.02 
0.02 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.76 
3 
0.14 
0.42 
1.40 
3.36 
5.75 
8.69 
11.22 
12.62 
13.32 
12.90 
12.20 
10.78 
9.21 
7.81 
6.31 
5.19 
4.21 
3.22 
2.66 
2.10 
1.54 
1.26 
0.98 
0.70 
0.70 
0.42 
0.28 
0.28 
0.28 
0.14 
0.14 
140.23 
4 
0.01 
0.01 
0.03 
0.06 
0.10 
0.16 
0.21 
0.27 
0.32 
0.34 
0.36 
0.37 
0.35 
0.34 
0.31 
0.28 
0.25 
0.22 
0.19 
0.16 
0.14 
0.12 
0.10 
0.09 
0.07 
0.06 
0.05 
0.04 
0.04 
0.03 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
5.23 
5 
0.04 
0.11 
0.14 
0.25 
0.43 
0.65 
0.86 
1.08 
1.37 
1.54 
1.73 
1.87 
1.91 
1.98 
1.94 
1.91 
1.80 
1.73 
1.58 
1.48 
1.33 
1.22 
1.12 
0.97 
0.86 
0.79 
0.68 
0.61 
0.50 
0.47 
0.40 
0.36 
0.32 
0.25 
0.25 
0.18 
0.18 
0.14 
0.14 
0.11 
0.11 
0.07 
0.07 
0.07 
0.07 
0.06 
0.06 
0.06 
0.05 
0.05 
0.04 
35.99 
6 
0.07 
0.07 
0.14 
0.35 
0.63 
1.06 
1.48 
2.14 
2.61 
3.10 
3.60 
3.88 
4.09 
4.16 
4.09 
4.02 
3.81 
3.53 
3.31 
2.96 
2.75 
2.40 
2.12 
1.90 
1.69 
1.48 
1.27 
1.13 
0.92 
0.85 
0.70 
0.63 
0.49 
0.42 
0.42 
0.35 
0.28 
0.21 
0.21 
0.14 
0.21 
0.14 
0.07 
0.07 
0.07 
0.07 
0.07 
0.06 
0.06 
0.06 
0.06 
70.40 
7 
0.00 
0.00 
0.00 
0.00 
0.04 
0.08 
0.10 
0.20 
0.23 
0.34 
0.36 
0.47 
0.48 
0.55 
0.59 
0.59 
0.61 
0.59 
0.58 
0.55 
0.51 
0.50 
0.46 
0.42 
0.38 
0.35 
0.31 
0.28 
0.26 
0.22 
0.19 
0.18 
0.15 
0.12 
0.11 
0.10 
0.08 
0.05 
0.05 
0.04 
0.04 
0.03 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
11.20 
8 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.03 
0.05 
0.08 
0.10 
0.12 
0.15 
0.19 
0.20 
0.24 
0.27 
0.32 ' 
0.35 
0.37 
0.40 
0.42 
0.44 
0.45 
0.46 
0.47 
0.47 
0.47 
0.47 
0.47 
0.46 
0.45 
0.44 
0.43 
0.41 
0.40 
0.38 
0.37 
0.35 
0.33 
0.32 
0.30 
0.28 
0.27 
0.25 
0.24 
0.22 
0.20 
0.19 
0.18 
0.17 
0.15 
13.80 
CCAI 
(t/ha) 
0.27 
0.67 
1.89 
4.42 
7.58 
11.42 
14.68 
17.08 
18.54 
18.80 
18.74 
17.81 
16.44 
15.20 
13.60 
12.34 
11.06 
9.69 
8.73 
7.68 
6.71 
5.94 
5.23 
4.54 
4.17 
3.57 
3.06 
2.81 
2.47 
2.17 
1.90 
1.63 
1.41 
1.22 
1.19 
1.02 
0.92 
0.76 
0.74 
0.62 
0.67 
0.52 
0.42 
0.39 
0.38 
0.35 
0.33 
0.31 
0.29 
0.28 
0.25 
282.91 
CMAI 
(t/ha/year 
) 
0.27 
0.94 
1.42 
2.42 
3.71 
5.25 
6.82 
8.29 
9.57 
10.59 
11.41 
11.99 
12.36 
12.58 
12.65 
12.63 
12.53 
12.37 
12.16 
11.93 
11.67 
11.39 
11.11 
10.83 
10.55 
10.27 
9.99 
9.73 
9.47 
9.22 
8.97 
8.74 
8.51 
8.29 
8.08 
7.88 
7.68 
7.50 
7.32 
7.15 
6.9S 
6.83 
6.67 
6.53 
6.39 
6.25 
6.13 
6.00 
5.88 
5.77 
5.66 
425.33 
Total carbon 
Sequestered in 
CRRP (t/year) 
117 
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S22 
1,923 
3,298 
4,968 
6,387 
7,431 
8,066 
8,179 
8,153 
7,749 
7,153 
6,613 
5,917 
5,369 
4,812 
4,216 
3,798 
3,341 
2,919 
2,584 
2,275 
1,975 
1,814 
1,553 
1,331 
1,223 
1,075 
944 
827 
709 
613 
531 
518 
444 
400 
331 
322 
270 
291 
226 
183 
170 
165 
152 
144 
135 
126 
122 
109 
123,085 
406 
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Appendix J 
QUALITY INDICATORS OF WATERCOURSES IN NORTH 
QUEENSLAND 
1 Nutrients in North Queensland Watercourses 
The amount of nutrients carried by watercourses depends on flow intensity. Measurements 
can be made under base-flow conditions and under high-flow conditions. The time when 
the measurements for nutrients are made is therefore crucial in determining the water 
quality. 
(a) Amount of nutrients under base-flow conditions 
Hunter et al., (1996) provide nutrient measurements under base-flow condition on the 
Johnstone River catchment: 
Under base-flow conditions, over a four year study on the Johnstone River 
catchment (between 1991 and 1995). the first three years were characterised by 
prolonged periods of below-average rainfall, low stream flows and very few 
significant flood events. Under these conditions, stream water typically contained 
low levels of suspended solids, and in accord with national guidelines, at most of the 
16 stream monitoring sites in the catchment. Concentrations rose markedly at high 
stream flows, e.g. during cyclone Sadie in 1994. During this four day event, 67,000 
tonnes of sediments, 343 tonnes nitrogen and 104 tonnes phosphorus were 
transported by the South Johnstone River at South Johnstone. These were far 
greater loads than were transported over the entire preceding two years of below-
average flows (Hunter et al., 1996, p. 339). 
The nutrient concentrations levels found by Hunter et al. (1996), are presented in Table J-l. 
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Table J-1 
Medium nutrient concentrations measured at selected sites under 
predominantly base-flow conditions, from 1991 to 1993. 
Location of site 
Johnstone R. , downstream from 
Malanda 
Johnstone R. , at Glen Allyn 
Ithaca R. at Bauld Road 
S. Johnstone R. at Maalan 
Johnstone R. at Nerada 
Taylor Creek 
Johnstone R. at Tung Oil 
Fisher Creek 
S. Johnstone R. at Corsi's 
Mena Creek at Paronella Park 
S. Johnstone R. at S. Johnstone 
Scheu Creek 
Bamboo Creek 
S. Johnstone R. at Innisfail 
Johnstone R. at Innisfail 
Ninds Creek 
ANZECC3 (1992) Guideline 
Typical level for unpollutted 
tropical rivers 
Site2 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
-
-
TKN 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-
10 
12 
09 
09 
09 
05 
15 
20 
08 
12 
14 
06 
20 
19 
18 
35 
0.15-0.30 
Total N 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
17 
18 
14 
16 
10 
11 
23 
30 
10 
34 
21 
76 
46 
33 
29 
49 
754 
0.24-0.35 
Total P 
0. 01 
0. 01 
0. 02 
0. 02 
0. 01 
0. 01 
0. 02 
0. 02 
0. 02 
0. 02 
0. 02 
0. 01 
0. 02 
0. 02 
0. 02 
0. 04 
0. 104 
.01-. 06 
Ammonium 
N 
0. 010 
0. 001 
0. 010 
0. 009 
0. 006 
0. 006 
0. 009 
0. 023 
0. 006 
0. 020 
0. 009 
0. on 
0. 038 
0. 025 
0. 021 
0. 124 
0. 0055 
. 007-. 040 
Oxidised 
N 
0. 109 
0. 038 
0. 034 
0. 047 
0. 010 
0. 016 
0. 067 
0. 105 
0. 006 
0. 192 
0. 063 
0. 570 
0. 141 
0. 124 
0. 080 
0. I l l 
0. I00J 
.025-.0240 
Filterable 
reactive P 
0. 001 
0. 002 
0. 004 
0. 005 
0. 004 
0. 005 
0. 0.04 
0. 003 
0. 008 
0. 001 
0. 007 
<0. 001 
0. 002 
0. 005 
0. 004 
0. 018 
0. 015s 
. 002-. 024 
TKN - Total Kjeldahl Nitrate; N = Nitrate, P = Phosphorus 
1. Sites 1 to 4 are Tableland sites, sites 5 to 11 are in undulating lowlands while sites 12 to 
16 are in estuaries. 
2. No sample varied with analysis and site: from n=36 (Total N at Scheu Creek), to n=221 
(Oxid. N at Johnstone R. , at Innisfail). 
3. Australian and New Zealand Environment and Conservation Council. 
4. Recommended upper limit for ecosystem protection in rivers and streams. 
5. Recommended upper limit for ecosystem protection in estuaries. 
Source: Hunte r s al, (1996, p. 341). 
b) Amount of nutrients in rivers in the wet season in North Queensland 
River catchments for north Queensland differ widely in annual rainfall patterns. The 
vagaries of cyclonic and monsoonal rainfall patterns in northern Australia express 
themselves as large episodic fluctuations in discharge and the export of nutrients and 
sediments. Even in catchments of the wet tropical coast with regular wet season 
discharges, a large proportion of the annual export flux is transported by a small number of 
river flow events each year. In catchments of the wet tropical coast, it can be anticipated 
that improved fertiliser management will reduce losses of nitrogen by leaching. 
The Barron, South Johnstone and Tully Rivers drain relatively small catchments of the wet 
tropical coast, and these catchments contain areas under intensive agriculture. Mitchell, 
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(1996, p. 30) shows that 'for the combined forms of N, the lowest average wet season 
concentrations are generally observed in rivers of the wet tropical coast, such as the Tully 
and South Johnstone rivers. These rivers, on average, carry proportionately higher loads of 
DIN , and lower loads of DON and PN, than do rivers of the semi-arid tropics. Intensive 
agriculture in catchments of the wet tropical coast rivers, involving extensive use of N 
fertiliser, is possibly a contributing factor'. In contrast, the Burdekin and Fitzroy Rivers 
drain large catchments in the semi-arid tropics which lies outside the CRRP plantings and 
in which the principal agricultural activity is extensive grazing. These rivers exhibits 
'highest PN concentrations and also, as a consequence, highest combined N loading. A 
similar pattern is seen for P' (Mitchell, 1996, p. 30). The Herbert River catchment, 
intermediate between these zones, includes both a large semi-arid upper catchment 
comprised of grazing lands and a wetter lower catchment containing areas under sugarcane. 
Average annual discharges in the catchment areas of the main rivers of North Queensland 
are reported in Table J-2. 
Table J-2 
Average annual discharges and catchment areas 
of six north Queensland rivers 
Watercourse name 
Barron 
South Johnstone 
Tully / Murray 
Herbert 
Fitzroy 
Average annual 
discharge (ML x 106) 
1,150 
811 
5,300 
5,000 
7,100 
Catchment area 
(km2) 
2,175 
555 
2,825 
12,130 
142,645 
Source: Mitchell, 1996, p. 30. 
The amounts of discharges presented in Table J-2 are averages and the average obtained for 
each watercourse involve data collected from various sites, the number of measurements 
collected and when the measurements are made. These differences creates various biaises 
in the data collected although Mitchell (1996) conclude that "Despise the various biases 
inherent in these incomplete datasets, they represent a large set of comparable 
measurements of nutrient concentrations in North Queensland rivers" (Mitchell et al, 
1996, p. 29). 
DIN refers to disolved inorganic nitrogen; DON refers to disolved inorganic nitrogen; PN refers to 
phosphorus nitrate. 
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Vegetation clearance does not affect groundwater immediately although paradoxically 
there is an immediate increase in potential recharge as explained by Cook et al., (1996, p. 
33): 
rather, the increase in potential recharge creates a pressure front which moves 
down through the profile towards the water table. Until the pressure front reaches 
the water table, groundwater recharge to the water table continues at the same rate 
as it did before clearing (<0. 3mm/yr). An increase in groundwater recharge will 
occur, causing the water table to rise, only once the pressure front reaches the 
water table. The velocity of the pressure front is related to the recharge rate, and 
the soil water content. For instance, where an unsaturated zone is more than 10 
metres in thickness, it will take less than 50 years for the water table to rise in 
sandy soil after clearing and in excess of 100 years in heavier soil textures. In any 
case, the rate of water table rise will increase with time as lower recharge areas 
begin to contribute. If there is no lateral flow, an increase in potential recharge of 
1 mm/yr, once transmitted to the aquifer, will result in a rate of water table rise of 
approximately 5 mm/yr. Hence under areas of crops or annual pastures, the 
average rate of water table rise is likely to be between 100 and 200 mm / yr for 
sandy soils, and less than than 50 mm/yr for loams (Cook et al, 1996, p. 33, 
italics added). 
The water quality of the Barron river was assessed during the 1974 / 75 wet season by 
Whelan (1977). who concluded that while no major pollution existed, a large quantity of 
nutrients were being washed down the river. Mitchell et al, (1991) showed that a 
relationship exists between phosphate concentration and rainfall, in the upper Barron 
River. However, a similar relationship does not hold for nitrates. Moss et al., (1993) 
estimated that nutrient exports from the Barron River mouth are similar to those from other 
Queensland coastal rivers. Littlemore et al, (1991) reported nutrient levels in Lake 
Tinaroo and identified inflows from agricultural catchments (Barron River, Peterson Creek 
and Mazlin Creek), and urban catchments (Mazlin Creek), as the major source of 
nutrients to the dam. While concerned about the high concentrations of nitrate and 
phosphate originating from the Barron River and the Mazlin Creek, the authors did not 
consider nutrient loading from dam inflow " (Cogle, 1996, p. 77). 
For the Herbert River, Bramley and Johnson (1996, p. 93) concluded that "irrespective of 
the prevailing landuse upstream, nutrient concentrations are generally below ANZECC 
(1992) target levels for protection of freshwater ecosystems, and fall well below the 
statutory levels for drinking water. Exceptions occur during the wet season (December to 
April) peak flow events". The authors report that: 
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it is the general nature of intensive agricultural land use and the relatively high 
inputs that such land use involves, rather than the specific production system 
employed (for example, sugarcane compared to maize) which results in an 
increased export of nutrients downstream, relative to that from lower input land 
uses such as rough grazing and forestry. Minimisation of nutrient loss off-farm is 
therefore likely to depend on carefully matching actual land use to land use 
suitability (Bramley and Johnson, 1996, p. 96). 
In the Tully River catchment, suspended sediment concentration at baseflow (1990 
sampling period) was about 5mg/L and peaked at 130mg/L. Analysis of the relationship 
between water quality and catchment characteristics for sub-catchments indicates that the 
most significant independant variable is landuse (Neil, 1994). Other catchment parameters 
were soil type, relief, slope and area. The effect of land use is greater in periods of high 
rainfall, and in sub-catchments with higher soil erodibility, and greater for cropland than 
for pasture. From the available data, suspended sediment concentration (SCC) was 
estimated to have increased, relative to natural concentrations, by a factor of at least two in 
response to grazing and by a factor of at least 15 in response to cropping land uses, on 
alluvial plains within the Tully catchment (Neil, 1996, p. 98). The author concludes that 
most sediment suspension on the wet tropics coast is the result of wave 
resuspension which generally occurs at chronic, low concentration levels. 
However, land use change appears to to have been responsible for an increase in 
river plume sediment concentrations to levels not previously experienced. This 
may result in acute sedimentation stress at fringing reef sites adjacent to the coast 
(Neil, 1994, p. 100). 
Besides the major rivers, there is the 'Tinarro Dam which is a major water storage on the 
Barron river, near Cairns, North Queensland. It was built in 1958 to provide water for the 
Mareeba Dimbulah Irrigation area (MDIA) and the hydroelectric power station at Kuranda. 
Water from the dam is now used for domestic water supply and for tourist and recreational 
activities such as skying, sailing and swimming. The dam has a catchment area of 54,000 
ha and capacity of 4,074,000 ML. A diverse range of land uses exist in the dam catchment, 
including agriculture, horticulture, dairying, beef cattle, tourism, forestry, rural hobby 
farms and urban development. In recent years, there has been an interest 'to subdivide 
rural land into rural residential lots within the catchment boundaries' (Cogle et al., 1996, p. 
77). 
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Eyre and Davies (1996) found in their initial studies that the level of total phosphorus (TP), 
total nitrogen (TN), dissolved nitrates (NO3) and dissolved ammonium (NH4) were similar 
to those of more disturbed catchments (Moresby and Johnstone catchments) but much 
higher than than those in the pristine Jardine catchment in Far North Queensland. The 
authors concluded: 
that catchment disturbance increases phosphorus and suspended sediment 
concentrations in adjacent waterways, but the increase is not proportional to the 
increased level of disturbance (Eyre and Davies, 1996, p. 62). 
While mean TN and NH3 concentrations show little relationship with level of catchment 
disturbance, mean NO3 concentrations exhibit a strong relationship between level of 
disturbance and increasing concentration in adjacent waterways. 
The Granite Creek Weir, the Dilbil Weir storage on Tinaroo Creek, the Bruce, the Collins 
and the Leafgold Weirs on the Walsh River and the Solanum Weir on the Eureka River are 
the only other minor water storages in the Far North region are storages used essentially for 
agricultural and industrial purposes. The lake Morris dam on Freshwater Creek, the 
Mareeba Weir and the Upper Intake Weir on the Barron Riyer, the Herberton Town Weir 
on the Wild River and the Scrubby Creek Weir on Scrubby Creek are essentially water 
storages for urban water supply (Queensland Water Quality Task Force, 1992). 
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Appendix K 
IRRIGATION IN NORTH QUEENSLAND AND WATER PRICING 
Table K-l presents the various irrigation projection rural areas of north Queensland. 
Almost 1000 farms require irrigation for an area of about 16,000 ha. While the announced 
allocation for irrigation is equal to the nominal allocation, actual releases of water have 
been lower for the Channel system and actual deliveries of water have nor been required 
due to more rainfalls than expected. For water for domestic use (households), the amount 
released equal the demand and no shortfall (rationing) was required. 
Table K-l 
Irrigation areas and projects - Water allocation and Use 
Deliveries to: 
Irrieation 
Channel system 
Private diversion 
Urban 
Dimbulah 
Mareeba 
Mutchilba 
Yungaburra 
Stock & domestic 
Total 
No of 
farms 
488 
337 
139 
964 
No of 
oudet 
866 
411 
4 
4 
12 
2 
568 
1,867 
Nominal 
allocation 
(ML) 
99,592 
27,780 
20 
4,576 
7 
460 
1,136 
133,571 
Announced 
allocation 
(ML) 
99,592 
27,780 
127,372 
Releases 
75,981 
27,780 
294 
3,726 
7 
184 
1,136 
109,280 
Deliveries 
(ML) 
55,588 
14,207 
294 
3,726 
7 
184 
1,136 
75,142 
Area 
irrigated 
(ha) 
12,813 
3,318 
16,131 
Source: DNR, 1995-97, p. 29. 
Charges: a) Channel supplies $80 / ML; 
b) Surface water supplies from regulated streams : $80 /NIL. 
The amount payable in relation to a holding is: 
1) $372.25 per water year per holding plus 
2) in relation to nominal allocation: 
(a) relift areas: $14. 70 / ML 
(b) gravity supply 
(i) up to 100 ML: 13.60/ML 
(ii) over 100 ML to 500 ML 9.05/ML 
(Hi) over 500 ML 7.90/ML 
(c) regulated section of: 
(i) Tinaroo Falls Dam or Barron River 6.80 / ML 
(ii) Emerald Creek above AMTD 14. 300 2.95 /ML 
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(iii) another watercourse 11.35 /ML 
3) in relation to water from a channel -
(a) up to announced allocation 
(i) Relift areas 22.60/ML 
(ii) gravity supply 
A. up to 100 ML 15. 85/ML 
B. over 100 ML to 500 ML 13. 55/ML 
C. over 500 ML 10.20/ML 
b) over announced allocation -
(i) Relift area 56.05/ML 
(ii) gravity supply 44. 15/ML 
4) in relation to water from regulated streams -
(a) up to announced allocation 
(i) Tinaroo Falls Dam or Barron River 6.75 / ML 
(ii) Emerald Creek above AMTD 14. 300 nil 
(iii) another watercourse 9,05 / ML 
(b) over announced allocation -
(i) Tinaroo Falls Dam or Barron River 20. 40 / ML 
(ii) Emerald Creek above AMTD 14. 300 nil 
(iii) another watercourse 30. 60 / ML 
Source, DNR, 1997, p. 25. 
Number of people visiting major storages: Tinaroo Falls Dam near Atherton (DNR, 1997, 
p.24) 
1994-95 415.600 
1995-96 839,900 
1995-96 244,151 
Irrigation area is 16,131 ha with an estimated value for returns of $103,085,990 (DNR, 
1997, p. 44) comprising: 
sugar cane: 
Tobacco:. 
Cereal: 
Horticultural crops 
Fodder crops: 
Others: 
3,488 ha 
1,470 ha 
1,549 ha 
4,528 ha 
1,686 ha 
3,410 ha 
$m 9.25 
$m 26.725 
$m 1.821 
$m50. 690 
$m 0. 354 
$m 14.244 
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Appendix L 
Benefit flow for the Community Rainforest reforestation Program without logging ($m) 
Year 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
Total 
costs 
0.90 
1.90 
2.39 
1.30 
0.90 
0.32 
0.42 
0.31 
0.42 
0.18 
0.18 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.18 
0.33 
0.18 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.33 
4.85 
4.11 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
Carbon 
benefit ($) 
0.00 
0.01 
0.02 
0.06^ 
0.12 
0.21 
0.31 
0.39 
0.46 
0.50 
0.51 
0.50 
0.48 
0.44 
0.41 
0.37 
0.33 
0.29 
0.26 
0.23 
0.17 
0.11 
0.12 
0.14 
0.12 
0.11 
0.09 
0.08 
0.07 
0.06 
0.06 
0.05 
0.04 
0.04 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 
Net carbon 
benefit 
4>;89 
•08? 
-2.37 
-1.24 
-0.78 
-0.11 
-0.11 
0:09 
0M 
0 3 2 
;033 
0.50 
0.48 
o.44 ;; 
0.41 
0 3 7 
0.33 
0.29 
0.26 
0.23 
-0.02 
-0.21 
-0.06 
0.14 
0^12 
0.11 
0.09 
0.08 
0.07 
0.06 
-2.27 
-4.80 
-4.07 
0.04 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.00 
water 
benefit 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
Conservation 
benefits 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 l 
0.00 
0.00 
0.01 
0.21 
0.12 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.86 
3.60 
3.17 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
Training 
benefits 
0.02 
0.14 
0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Total estimated 
benefits 
0.02 
0.14 
0.12 
0.06 
0.13 
0.22 
0.32 
0.40 
0.47 
0.51 
0.52 
0.51 
0.49 
0.45 
0.42 
0.38 
0.34 
0.30 
0.27 
0.24 
0.19 
0.33 
0.25 
0.15 
0.13 
0.12 
0.10 
0.09 
0.08 
0.07 
1.93 
3.67 
3.23 
0.06 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.06 
Net benefit 
flow 
-0.87 
-1.76 
-2.27 
: • • 
-1.24 
-0.78 
-0.11 
-0.10 
0.10 
0.05 
0.33 
0.34 
0:51 
0.49 
0.45 
0.42 
0.38 
0.34 
0.30 
0.27 
0.24 
0.01 
0.00 
0.07 
0.15 
0.13 
0.12 
0.10 
0.09 
0.08 
0.07 
-0.40 
-1.18 
-0.88 
0.06 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
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Appendix L (continued) 
Benefit flow for the Community Rainforest reforestation Program without logging ($m) 
Year Total Carbon Net carbon water Conservation Training Total estimated Net benefit 
costs benefit ($)• benefit benefit benefits benefits benefits flow 
-0.08 O02 61)9 OTOO 0O2 o!bl 
: -0.16 0.02 0.13 0.00 0.16 -0.01 
0.01 0.02 0.00 0.00 0.03 0.03 
0.01 0.02 0.00 0.00 0.03 0.03 
0.01 0.02 0.00 0.00 0.03 0.03 
0.01 0.02 0.00 0.00 0.03 0.03 
0.01 0.02 0.00 0.00 0.03 0.03 
0.01 0.02 0.00 0.00 0.03 0.03 
0.01 0.02 0.00 0.00 0.03 0.03 
-2.48 0.02 3.23 0.00 3.26 0.78 
-2.48 0.02 4.29 0.00 4.32 1.83 
2045 3.44 0.01 -3.43 0.02 4.89 0.00 4.91 1.47 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
0.10 
0.17 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.48 
2.49 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
Total 
NPV 
29.89 
10.10 
7.46 
3.30 
-22.43 
-6.78 
0.69 
0.13 
21.62 
1.64 
0.26 
0.25 
30.02 
5.32 
0.12 
-4.78 
NVP calculated with a 7% discount rate and expressed in 2001 dollars. 
